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FIG. 5
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FIG. 11

| PERFORM A/D CONVERSION ON JK Si0

INPUT AUDIO SIGNAL
READ INPUT AUDIO SIGNAL AND <1
STORE SIGNAL IN BUFFER |
314 |
'S ONE FRAME STORED? NO
YES
S15
IS DRIVING DEVICE YES
OPERATING?
NG I COMPUTE FEATURE AMOUNT FV 16

S18

DETERMINE
NOISE BASED ON FEATURE
AMOUNT

YES(NOISE)

NO (NON-NOISE)

PERFORM NOISE REDUCTION
PROCESS

S20

RECORD AUDIO DATA ~ S22

NO HAS RECORDING ENDED?

YES

S24

END



US 9,495,950 B2

Sheet 12 of 14

Nov. 15, 2016

U.S. Patent

NOILVYIW&ONI
SN310A410dNNOD

LINM ONIQH003Y
TYNOIS

OLI|

1INN

061
1INN

12°7

NOILYNINY313d

1LN3I0144300
NOILYNINE14(

LN3I0I44300
NOILYNINE 3130

ONINIVLIYH

NOILOJ 1dS

LINM

NOILJ3S
NOILY INO1V] d3dMOd
NOILYHJgHIAI

NOI103S NOILY1NOIVD
HLAIM 357Nd

NOILO3S
NOILISINOJV JMNTVA

34SION JANLAJAY WNINIXYI
04 ' LE]
1IN NOILOVHLXT |
] INNOWY JHN1v3d
1IN NOLLONGIY ogt ~ i
JSION dd1HdANQCO d/Y
09] 021
HINN ONISSAO0Hd TYNIIS OI1dNY
/
09
AN E

LINM LAdNI

—  1YNOIS

1G

AN
00t

OLl



US 9,495,950 B2

.4

y—

-~

-

o

—

2

i

7).

&

y—

—

g |

nk LINN ONIGYH0D3IY
2 TVYNDIS
7

0Ll

U.S. Patent

NSN3
34 19VY3ONVHIOXI

N3IG| :

d SN
3 1VIONVHOXS

d9G61 "~

_
ZO_._.Umw m
NOLLYINOTYO H3MOd (4

NOLLYYIgYIATY
ttl

—mm — e, - —— baaam —— T W— e —E——

1INN LNdNI

v wzmn_ NOILO4S NOILLYTNOTYD
J19YIONYHIXI LM S
VY9G | INTID144309
NOILYNIWS3 10
JINN NOILO3S
“ NOILLYNINE313d NOLLISINDOY INTYA
4SION . “ JANLINdNY WNNIXYW
OF T _
- 1INN NOILOVHLX3
INAOWY JHNLYVIA
_ T -
LINN NOILON@3Y Otl |
- _
091 0Z1
LINA ONISSIN0Hd TYNSIS Olany
’
09

€1 "Old

TWNOIS
m_ _

1G

Ol




US 9,495,950 B2

- D
“ NOILIIS m
NOILYTNOTYO HIMOJ
NOLYHI8HIAdY
| _
-+ LINM ONINIV.L3a NOI1D3S NOLLVTINOTIVO
L IN3IDI34309D Pty
= NOILYNIWY313Q
< 0G!
,_w j 1INN NOILD3S
mnu NO|LYNINHF14d NOILISINDOY INTVA
| 4SION FANLNdANY WNWIXYW
oFl gL~
—_ 1INN NOILLOYH1X3
& . INNOWYV 3dNLY34
) e~ - —
— LINN 0g ! 1INN
g NO!LINAOMA LINN NOILLONG3Y - ~ NOLLISINOAY 1INN ONIA¥OD3Y
e TYNOIS | 3SION TYN9IS VSIS
002 091 261 N
LINN ONISSID0Hd TYNSIS O1any
] . — -
09 N
001
i 'Ol

U.S. Patent



US 9,495,950 B2

1

AUDIO SIGNAL PROCESSING DEVICE,
IMAGING DEVICE, AUDIO SIGNAL
PROCESSING METHOD, PROGRAM, AND
RECORDING MEDIUM

TECHNICAL FIELD

The present disclosure relates to an audio signal process-
ing device, an 1maging device, an audio signal processing
method, a program, and a recording medium.

BACKGROUND ART

As sound recording devices that collect and record exter-
nal sounds, video cameras, digital cameras with a moving,
image capturing function, IC recorders, and the like are
known. When such devices are operated, there are cases in
which a pulsed operation sound generated from the main
body of the devices 1s incorporated into recorded sounds.

For example, an 1imaging device equipped with a moving
image capturing function collects external sounds around the
device using a microphone and records the sounds together
with a moving 1image when the moving 1mage 1s captured.
During the capturing of the moving 1mage, a pulsed opera-
tion sound such as a zoom drniving sound, a diaphragm
driving sound, an auto-focus driving sound, a pressing sound
of an operation button, or the like 1s generated 1n the housing
of the imaging device. Particularly, when an operation of a
driving device (a zoom motor, a diaphragm mechanism, a
focus motor, or the like) that drives an 1maging optical
system starts or ends, a pulsed mechanical driving sound
such as a “click” made when, for example, a motor engages
with a gear 1s generated.

If such a pulsed operation sound 1s incorporated into or
recorded as a noise on an external sound that a user desires
to record, 1t 1s quite unpleasant. For this reason, 1t 1s
necessary for a sound recording device to provide quietness
or noise removal in order to reduce such a pulsed operation
sound generated during recording.

As methods for reducing a pulsed mechanical driving
sound, several methods have been proposed. For example,
Patent Literature 1 proposes that 1in order to lower a reduc-
tion processing load to bear when a mechanical driving
sound generated from a driving device 1s to be reduced, the
reduction process 1s executed according to transmission of a
driving signal for controlling the driving device. In addition,
Patent Literature 2 proposes that input audio data corre-
sponding to a period 1n which a loud noise 1s generated from
a lens driving unit 1s interpolated with audio data pieces
generated before and after the period based on a driving
signal (control signal) for controlling the lens driving unit.

Citation List
Patent Literature

Patent Literature 1: JP 2011-2723A
Patent Literature 2: JP H8-124290A

SUMMARY OF INVENTION

Technical Problem

However, 1n the technologies of Patent Literature 1 and
Patent Literature 2, since the noise reduction process 1s
performed depending on a timing at which the driving signal
tor controlling the driving device 1s transmitted, accuracy 1n
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2

reducing the pulsed noise 1s low, and thereby the quality of
an original sound deteriorates. In other words, for a real

imaging device, or the like, there are cases in which an
operation of the driving device 1s delayed after a control
device transmits a driving signal. Moreover, the method of
Patent Literature 1 does not consider the time taken from the
generation of a mechanical driving sound to arrival of the
sound at the microphone. Thus, if the reduction process 1s
performed according to the transmission of a driving signal
as disclosed in Patent Literature 1, an actual noise section 1s
deviated from a noise reduction process section. For this
reason, since the reduction process 1s performed even in a
non-noise section, fidelity of the original sound is signifi-
cantly lowered, which leads to deterioration of the sound
quality.

In addition, the technology of Patent Literature 2 consid-
ers a delay of a generated noise with respect to a driving
signal so that the noise reduction process 1s performed after
a predetermined delay time elapses from the transmission of
the driving signal. However, since the set delay time 1s a
fixed value and a case i which an actual delay time varies
1s not considered, 1t 1s diflicult to accurately specily a noise
section. Thus, 1t 1s difficult to accurately match a noise
reduction process section with an actual noise section, 1t 1s
not possible to realize a highly accurate noise reduction
process, and accordingly deterioration of the sound quality
1S a concern.

Furthermore, 1n Patent Literature 2, 1t 1s determined
whether or not a noise reduction process 1s to be performed
based on the level (volume) of mput audio data and inter-
polating audio data at a timing of a driving signal. Accord-
ingly, when there 1s a loud external sound around a device,
a noise 1s relatively inconspicuous, and thus the reduction
process 1s not performed, and conversely, when the periph-
ery of the device 1s quiet and a noise 1s conspicuous, the
reduction process 1s performed and accordingly the noise
can be removed. However, volume 1s not the only factor
influencing whether a noise 1s perceived by the human ear.
Thus, 1n the method 1n which a noise section 1s determined
based only on volume as 1n Patent Literature 2, the deter-
mination accuracy of the noise section 1s unreliable, there 1s
a possibility of the reduction process being performed in a
section 1n which a noise 1s not perceived, or conversely, not
being performed 1n a section in which a noise 1s perceived.

Therefore, i1t 1s desirable to provide a technique that
enables highly accurate detection of a noise section that
includes a pulsed operation sound only from a collected
audio signal without using driving control information of a
driving device, and improvement of accuracy in noise reduc-
tion.

Solution to Problem

According to the present disclosure, there 1s provided an
audio signal processing device including a feature amount
extraction unit configured to extract, from an audio signal
obtained by a sound collection unit, a feature amount that
indicates a pulsed operation sound generated from a sound
generation unit provided in a same housing as the sound
collection unit, and a noise determination unit configured to
determine whether or not the operation sound 1s 1included 1n
the audio signal based on the feature amount.

According to the present disclosure, there 1s provided an
imaging device including a sound collection unit configured
to convert an external sound into an audio signal, a sound
generation unit configured to be provided 1n a same housing
as the sound collection unit and to generate a pulsed opera-
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tion sound, a feature amount extraction unmt configured to
extract a feature amount that indicates the operation sound
from the audio signal output from the sound collection unit,
a noise determination unit configured to determine whether
or not the operation sound 1s included in the audio signal
based on the feature amount, and a noise reduction unit

configured to perform a noise reduction process on the audio
signal when the noise determination unit determines that the
operation sound 1s 1mcluded 1n the audio signal.

According to the present disclosure, there 1s provided an
audio signal processing method including extracting a fea-
ture amount that indicates a pulsed operation sound gener-
ated from a sound generation umt provided 1 a same
housing as a sound collection unit, from an audio signal
obtained by the sound collection unit, and determining
whether or not the operation sound 1s included 1n the audio
signal based on the feature amount.

According to the present disclosure, there 1s provided a
program for causing a computer to execute extracting a
feature amount that indicates a pulsed operation sound
generated from a sound generation unit provided in a same
housing as a sound collection unit, from an audio signal
obtained by the sound collection unit, and determining
whether or not the operation sound 1s included 1n the audio
signal based on the feature amount.

According to the present disclosure, there 1s provided a
non-transitory computer-readable recording medium having,
a program recorded therein, the program causing a computer
to execute extracting a feature amount that indicates a pulsed
operation sound generated from a sound generation unit
provided 1n a same housing as a sound collection umit, from
an audio signal obtained by the sound collection unit, and
determining whether or not the operation sound 1s included
in the audio signal based on the feature amount.

According to the configurations, a feature amount that
indicates a pulsed operation sound generated from the sound
generation unit provided in the same housing as the sound
collection umit 1s extracted from an audio signal obtained by
the sound collection unit, and based on the feature amount,
it 1s determined whether or not the operation sound 1is
included 1n the audio signal. Accordingly, using the feature
amount extracted from the audio signal, the presence or

absence of the pulsed operation sound can be determined
with high accuracy.

Advantageous Effects of Invention

According to an embodiment of the present disclosure
described above, 1t 1s possible to detect a noise section of the
pulsed operation sound with high accuracy only from the
collected audio signal without using drive control informa-
tion of a driving device, and to improve accuracy in noise
reduction.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a block diagram 1illustrating a hardware con-
figuration of a digital camera to which an audio signal
processing device according to a first embodiment of the
present disclosure 1s applied.

FIG. 2 1s a block diagram illustrating a functional con-
figuration of the audio signal processing device according to
the embodiment.

FIGS. 3A to 3C are wavelorm diagrams of an audio signal
that includes a pulsed mechanical sound according to the
embodiment.
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4

FIG. 4 1s a descriptive diagram showing a determination
method of a pulsed mechanical sound according to the
embodiment.

FIG. 5§ 1s a flowchart for describing an audio signal
processing method according to the embodiment.

FIG. 6 1s a block diagram 1illustrating a functional con-
figuration of an audio signal processing device according to
a second embodiment of the present disclosure.

FIG. 7 1s a descriptive diagram showing a determination
method of a pulsed mechanical sound according to the
embodiment.

FIG. 8 1s a block diagram 1llustrating a functional con-
figuration of an audio signal processing device according to
a third embodiment of the present disclosure.

FIG. 9 1s a block diagram 1llustrating a functional con-
figuration of an audio signal processing device according to
a fourth embodiment of the present disclosure.

FIG. 10 1s a block diagram illustrating a functional
configuration of an audio signal processing device according
to a fifth embodiment of the present disclosure.

FIG. 11 1s a flowchart for describing an audio signal
processing method according to the embodiment.

FIG. 12 1s a block diagram illustrating a functional
configuration of an audio signal processing device according
to a sixth embodiment of the present disclosure.

FIG. 13 1s a block diagram illustrating a functional
configuration of an audio signal processing device according
to a modified example of the sixth embodiment of the
present disclosure.

FIG. 14 1s a block diagram illustrating a functional
configuration of an audio signal processing device according
to a seventh embodiment of the present disclosure.

DESCRIPTION OF EMBODIMENT

Heremnafiter, preferred embodiments of the present disclo-
sure will be described m detail with reference to the
appended drawings. Note that, in this specification and the
drawings, elements that have substantially the same function
and structure are denoted with the same reference signs, and
repeated explanation 1s omitted.

Description will be provided 1n the following order.

1. First embodiment

1.1. Overview of a mechanical sound reduction method

1.2. Configuration of an audio signal processing device

1.2.1. Hardware configuration of the audio signal pro-
cessing device

1.2.2. Functional configuration of the audio signal
processing device

1.3. Specific example of determination methods of a

pulsed mechanical sound

1.3.1. Determination method using a statistical 1denti-
fication method

1.3.2. Determination method using table determination

1.4. Audio signal processing method

1.5. Effect

2. Second embodiment

2.1. Functional configuration of an audio signal process-

ing device

2.2. Specific example of determination methods of a

pulsed mechanical sound

2.2.1. Determination method using the statistical 1den-
tification method

2.2.2. Determination method using table determination
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2.3. Effect
3. Third embodiment

3.1. Functional configuration of an audio signal process-
ing device

3.2. Specific example of determination methods of a
pulsed mechanical sound
3.2.1. Determination method using the statistical 1den-

tification method

3.2.2. Determination method using table determination

3.3 Effect

4. Fourth embodiment

4.1. Functional configuration of an audio signal process-
ing device

4.2. Effect

5. Fifth embodiment

5.1. Functional configuration of an audio signal process-
ing device

5.2. Audio signal processing method

5.3. Effect

6. Sixth embodiment

6.1. Overview of a noise determination method

6.2. Functional configuration of an audio signal process-
ing device

6.3. Modified example of the audio signal processing
device

6.4. Effect

7. Seventh embodiment

7.1. Functional configuration of an audio signal process-
ing device

7.2. Eflect

8. Conclusion

1. First Embodiment

1.1. Overview of a Mechanical Sound Reduction
Method

First, an overview of a mechanical sound reduction
method using audio signal processing device and method
according to a first embodiment of the present disclosure
will be described.

The audio signal processing device and method according,
to the present embodiment relate to a technology for reduc-
ing a pulsed operation sound (noise) generated from a sound
generating unit (for example, a dniving device) installed 1n
a housing of a sound recording device or a sound reproduc-
tion device. Particularly, in the present embodiment, when
an 1maging device equipped with a moving 1mage capturing
function records peripheral sounds while capturing a moving
image, a pulsed mechanical driving sound generated when
an operation of a driving device installed in the imaging
device 1s started or ends 1s a target of reduction.

Here, the driving device 1s a driving device installed 1n the
imaging device for performing i1maging operations using an
imaging optical system, and includes, for example, a zoom
motor for moving a zoom lens, a focus motor for moving a
focus lens, a diaphragm mechanism, a dnving mechanism
for controlling a shutter, or the like. The driving device 1s
provided 1n the same housing as a sound collection unit of
the 1maging device. In addition, the pulsed mechanical
driving sound (hereinafter referred to as a “pulsed mechani-
cal sound”) 1s an instantaneous sound generated when, for
example, the various kinds of driving devices described
above start or end their operations (for example, a driving
sound of the zoom motor, a driving sound of the focus motor,
a driving sound of the diaphragm mechanism, a shutter
sound, a pressing sound of an operation button, or the like).
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The pulsed mechanical sound 1s, for example, a “click™ or
“clack” sound generated from engagement of a motor with
a gear when an operation of the zoom motor or the like starts
or ends.

Heremaftter, an example 1in which the audio signal pro-
cessing device 1s a digital camera having a moving image
capturing function and a pulsed mechanical sound that 1s a
noise to reduce 1s a zoom start sound generated when an
operation of optical zoom 1s started 1n the digital camera will
be described. However, the audio signal processing device
and the pulsed mechanical sound according to an embodi-
ment of the present disclosure 1s not limited to the example.

When a user performs a zoom operation during imaging,
and sound-recording performed by a digital camera, a zoom
motor inside the camera 1s driven to engage with a gear that
drives a zoom lens, and accordingly a loud pulsed mechani-
cal sound (zoom start sound) 1s generated instantaneously.
Then, a microphone of the digital camera collects not only
an external sound around the camera that the user desires to
record (which includes, for example, an arbitrary sound
collected by the microphone, such as an environment sound,
a voice ol a person, or the like; hereinafter referred to as a
“desired sound” or a “background sound”) but also such a
pulsed mechanical sound generated from the inside of the
camera. Thus, recording of the sound 1s performed in a state
in which the pulsed mechanical sound 1s incorporated into
the desired sound, and when the recorded sound is repro-
duced, the pulsed mechanical sound incorporated into the
desired sound 1s heard by the user, which 1s unpleasant.
Since the pulsed mechanical sound causes vibration of the
housing on a frequency of, for example, 200 Hz or lower and
1s generated around the microphone, the pulsed mechanical
sound 1s collected at a higher volume than the desired sound.
Since there 1s a volume difference between the pulsed
mechanical sound and the desired sound as described above,
if the mechanical sound 1s 1ncorporated into the desired
sound, the pulsed mechanical sound 1s conspicuous during
reproduction of the recorded sound. Thus, a technology that
enables recording of only a desired sound after a pulsed
mechanical sound such as a zoom start sound or the like 1s
properly removed during recording or reproduction of a
moving 1image and a sound has been demanded.

In the noise reduction technology of the related art as
disclosed in Patent Literature 1 and Patent Literature 2
described above, a section 1n which a mechanical driving
sound 1s generated (a noise section) 1s estimated based on a
transmission timing ol a driving signal for controlling the
driving device, and the noise reduction process 1s performed
on the noise section. However, it 1s diflicult to accurately
estimate a noise section from the transmission timing of the
driving signal due to delay of an actually recorded noise with
respect to the driving signal, or the like. In addition, with the
method for determining the presence or absence of a noise
based only on the level (volume) of an audio signal as
disclosed in Patent Literature 2, 1t 1s difhicult to accurately
detect a section 1n which a noise perceived by the human ear
1s actually generated.

Thus, 1n the present embodiment, feature amounts 1ndi-
cating the pulsed mechanical sound are extracted from an
audio signal collected by a sound collection unit of an
imaging device, the presence or absence of the pulsed
mechanical sound i1s determined using only the feature
amounts rather than the driving signal, and accordingly, a
noise section that includes the pulsed mechanical sound 1s
detected. Here, the feature amounts indicating the pulsed
mechanical sound preferably include: (1) a feature amount
indicating a pulse component of the pulsed mechanical
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sound (which corresponds to a first feature amount); and (2)
a reverberation feature amount indicating a reverberation

component of the pulsed mechanical sound (which corre-
sponds to a second feature amount). By using the two kinds
of feature amounts indicating the pulse component and the
reverberation component of the pulsed mechanical sound as
described above, the pulsed mechanical sound included 1n
an audio signal can be accurately detected.

Furthermore, (1) the pulse feature amount described
above preferably includes: (a) a maximum amplitude value
A of a pulse component of the pulsed mechanical sound; and
(b) a pulse width W of the pulse component, and (2) the
reverberation feature amount preferably includes (¢) power
P of a narrow-band signal indicating a reverberation com-
ponent of the pulsed mechanical sound. (a) The maximum
amplitude value A and (b) the pulse width W are represen-
tative parameters of the pulse feature amount. In addition,
(¢) the power P of a narrow-band signal indicating a rever-
beration component of the pulsed mechanical sound (here-
iafter referred to as a “reverberation component power P”)
1s a representative parameter of the reverberation feature
amount. The narrow-band signal 1s a signal among audio
signals 1n a low frequency band (for example, 200 Hz or
lower) unique to the reverberation component of the pulsed
mechanical sound, and the reverberation component power
P 1s, for example, an integrated value of amplitudes of the
signal (signal levels) in a predetermined section.

A feature amount extraction unit of the audio signal
processing device according to the present embodiment
extracts, from audio signals, three feature amounts of (a) the
maximum amplitude value A of a pulse component of the
pulsed mechanical sound, (b) the pulse width W of the pulse
component, and (¢) the reverberation component power P.
Then, a noise determination unit of the audio signal pro-
cessing device comprehensively determines whether an
audio signal includes a pulsed mechanical sound using
vectors X (A, W, and P) of the three extracted feature
amounts and a determination coeflicient. The determination
coellicient necessary for the determination 1s obtained from
a prior learning or a prior setting. In this manner, a pulsed
mechanical sound included in an audio signal can be more
accurately detected using the three feature amounts (A, W,
and P). Hereinatter, a reduction method of a pulsed mechani-

cal sound according to the present embodiment will be
described 1n detail.

1.2. Configuration of an Audio Signal Processing
Device

[1.2.1. Hardware Configuration of the Audio Signal Pro-
cessing Device]

First, with reference to FIG. 1, a hardware configuration
of a digital camera to which an audio signal processing
device according to the present embodiment 1s applied will
be described. FIG. 1 1s a block diagram illustrating a
hardware configuration of a digital camera 1 to which the
audio signal processing device according to the present
embodiment 1s applied.

The digital camera 1 according to the present embodiment
1s, for example, an 1maging device that can record a moving
image and a sound when capturing the moving 1mage. The
digital camera 1 1images a subject, converts a captured image
(which may be a still image or a moving image) obtained
from the 1imaging into digital image data, and records the
data on a recording medium together with a sound.

As 1llustrated 1n FIG. 1, the digital camera 1 according to
the present embodiment broadly has an 1maging unit 10, an
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image signal processing unit 20, a display unit 30, a record-
ing medium 40, a sound collection unit 30, an audio signal
processing unit 60, a control unit 70, and an operation unit
80.

The mmaging unmit 10 1mages a subject and outputs an
analog 1mage signal indicating the captured image. The
imaging unit 10 includes an 1maging optical system 11, an
image sensor 12, a timing generator 13, and a driving device
14.

The 1imaging optical system 11 1s constituted by optical
components including various lenses such as a focus lens, a
zoom lens, and a correction lens, an optical filter that
removes unnecessary wavelengths, a shutter, a diaphragm,
and the like. An optical image (subject 1mage) incident from
a subject 1s formed on an exposure face of the image sensor
12 via the optical components of the imaging optical system
11. The image sensor 12 1s configured by a solid-state image
sensor, for example, a CCD (Charge Coupled Device), a
CMOS (Complementary Metal Oxide Semiconductor), or
the like. The 1image sensor 12 performs photoelectric con-
version on the optical image guded from the imaging
optical system 11, and outputs electric signals (analog image
signals) indicating the captured image.

The imaging optical system 11 1s mechanically connected
to the driving device 14 that drives the optical components
of the imaging optical system 11. The driving device 14
includes, for example, a zoom motor 15, a focus motor 16,
a diaphragm mechanism (not shown), and the like. The
driving device 14 drives the optical components of the
imaging optical system 11 according to instructions of the
control unit 70 to be described later so as to move the zoom
lens and the focus lens, or to adjust the diaphragm. For
example, the zoom motor 15 performs a zoom operation of
adjusting an angle of view by moving the zoom lens 1n a
telephoto or wide direction. In addition, the focus motor 16
performs a focus operation of focusing on a subject by
moving the focus lens.

In addition, the timing generator 13 (hereinafter referred
to as the TG 13) generates operation pulses necessary for the
image sensor 12 according to 1nstructions of the control unit
70. For example, the TG 13 generates various kinds of
pulses such as four-phase pulses for vertical transfer, field
shift pulses, two-phase pulses for horizontal transfer, and
shutter pulses, and supplies the pulses to the 1image sensor
12. As the TG 13 drives the image sensor 12, a subject image
1s captured. In addition, as the TG 13 adjusts a shutter speed
of the image sensor 12, an exposure amount and an exposure
period of a captured 1image are controlled (an electric shutter
function). Image signals output by the image sensor 12 are
input to the 1mage signal processing unit 20.

The 1image signal processing unit 20 1s configured by an
clectric circuit such as a micro controller, performs a pre-
determined 1mage process on the 1image signals output from
the 1image sensor 12, and outputs the image signals that have
undergone the 1mage process to the display unit 30 and the
control unit 70. The image signal processing unit 20 has an
analog signal processing umt 21, an analog-digital (A/D)
converter 22, and a digital signal processing unit 23.

The analog signal processing unit 21 is a so-called analog
front-end that performs pre-processing on the image signals.
The analog signal processing unit 21 performs, for example,
a CDS (Correlated Double Sampling) process, a gain pro-
cess by a programmable gain amplifier (PGA), or the like on
the 1mage signals output from the image sensor 12. The A/D
converter 22 converts the analog 1image signals mput from
the analog signal processing unmit 21 into digital image
signals, and then outputs the signals to the digital signal
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processing unit 23. The digital signal processing unit 23
performs a digital signal process, for example, noise
removal. white balance adjustment, color correction, edge
emphasis, gamma correction, or the like on the mput digital
image signals, and then outputs the signals to the display
unit 30 and the control unit 70.

The display unit 30 1s configured as a display device, for
example, a liqmd crystal display (LCD), an organic EL
display, or the like. The display unit 30 displays various
kinds of input image data according to control of the control
unit 70. For example, the display unit 30 displays captured
images (through 1mages) input from the image signal pro-
cessing unit 20 1n real-time during 1imaging. Accordingly, a
user can operate the digital camera 1 while viewing the
through 1mage being captured by the digital camera 1. In
addition, when a captured 1image recorded on the recording
medium 40 1s reproduced, the display unit 30 displays the
reproduced 1mage. Accordingly, a user can recognize con-
tent of the captured image recorded on the recording
medium 40.

The recording medium 40 records various kinds of data
such as captured 1image data, audio data, and metadata of the
data thereon. For the recording medium 40, for example, a
semiconductor memory such as a memory card, or a disc-
type recording medium such as an optical disc, or a hard disk
can be used. The optical disc includes, for example, a
Blu-ray disc, a DVD (Digital Versatile Disc), a CD (Com-
pact Disc), and the like. The recording medium 40 may be
built 1n the digital camera 1, or may be a removable medium
that can be loaded or unloaded on the digital camera 1.

The sound collection unit 50 collects external sounds
around the digital camera 1. The sound collection unit 50
according to the present embodiment 1s a monaural micro-
phone constituted by one microphone 51 for recording
external sounds, but may be configured as a stereo micro-
phone constituted by two microphones. The microphone 51
outputs audio signals obtained by collecting external sounds.
With the sound collection unit 50, external sounds can be
collected and recorded with a moving 1image during moving
image capturing. The microphone 51 1s provided 1n a
housing of the digital camera 1 1n order to collect external
sounds (desired sounds), but also collects mechanical driv-
ing sounds of a sound generation unit (the driving device 14)
provided inside the housing as noise.

The audio signal processing unit 60 1s configured by an
clectronic circuit such as a micro controller, performs a
predetermined sound process on audio signals, and outputs
audio signals for recording. The sound process includes, for
example, an A/D conversion process, a noise reduction
process, and the like. The present embodiment 1s character-
ized 1n that the noise reduction process 1s performed by the
audio signal processing umt 60, and detailed description
thereol will be provided later.

The control unit 70 1s configured by an electric circuit
such as a micro controller, and controls overall operations of
the digital camera 1. The control unit 70 includes, for

example, a CPU 71, an EEPROM (Electrically Erasable
Programmable ROM) 72, a ROM (Read Only Memory) 73,
and a RAM (Random Access Memory) 74. The control unit
70 controls each of the units imside the digital camera 1. For
example, the control unit 70 controls operations of the audio
signal processing unit 60 when a mechanical sound gener-
ated by the driving device 14 as a noise 1s reduced from
audio signals collected by the microphone 51.

The ROM 73 of the control unit 70 stores programs that
cause the CPU 71 to execute various control processes. The
CPU 71 operates based on the programs and executes
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arithmetic operations and control processes necessary for
vartous kinds of control while using the RAM 74. The
programs can be stored 1n advance 1n memory devices (for
example, the EEPROM 72, the ROM 73, and the like)
installed 1n the digital camera 1. In addition, the programs
may be provided to the digital camera 1 by being stored in
a removable medium such as a disk-like recording medium,
or a memory card, or may be downloaded in the digital
camera 1 via a network such as a LAN, or the Internet.

Here, a specific example of control of the control unit 70
will be described. The control unit 70 controls the TG 13 and
the driving device 14 of the imaging unit 10 to control
imaging processes performed by the imaging umt 10. For
example, the control unit 70 performs automatic exposure
control (an AE function) by adjusting the diaphragm of the
imaging optical system 11, setting an electronic shutter
speed of the 1image sensor 12, setting a gain of the AGC of
the analog signal processing unit 21, and the like. In addi-
tion, the control unit 70 performs auto focus control (an AF
function) for automatically focusing the imaging optical
system 11 on a specific subject by moving the focus lens of
the 1maging optical system 11 and thereby changing a focus
position. Furthermore, the control unit 70 adjusts an angle of
view of a captured image by moving the zoom lens of the
imaging optical system 11 and thereby changing a zoom
position. Moreover, the control unit 70 causes various kinds
of data such as captured 1images, metadata, and the like to be
recorded on the recording medium 40, and causes data
recorded on the recording medium 40 to be read and
reproduced. In addition, the control unit 70 causes various
display 1images for being displayed on the display umt 30 to
be generated, and controls the display unit 30 to display the
display images.

The operation unit 80 and the display unit 30 function as
user interfaces that enable a user to operate the digital
camera 1. The operation unit 80 1s configured by various
operation keys such as buttons or levers, or a touch panel,
and 1ncludes, for example, a zoom button, a shutter button,
a power button, and the like. The operation unit 80 outputs
instruction information for instructing various imaging
operations to the control unit 70 according to user opera-
tions.

[1.2.2. Functional Configuration of the Audio Signal
Processing Device]

Next, with reference to FIG. 2, a functional configuration
example of an audio signal processing device applied to the
digital camera 1 according to the present embodiment will
be described. FIG. 2 1s a block diagram illustrating a
functional configuration of the audio signal processing
device 100 according to the embodiment.

As 1llustrated mm FIG. 2, the audio signal processing
device 100 includes a signal input unit 110, an A/D converter
120, a feature amount extraction unit 130, a noise determi-
nation unit 140, a determination coeflicient retaiming unit
150, a noise reduction unit 160, and a signal recording unit
170. The signal input unit 110 has the microphone 51 of FIG.
1 described above. In addition, the A/D converter 120, the
feature amount extraction unit 130, the noise determination
unmit 140, the determination coeflicient retaining umt 150,
and the noise reduction umt 160 constitutes the audio signal
processing unit 60 of FIG. 1 described above. The signal
recording unit 170 1s constituted by the control umt 70 and
the recording medium 40 of FIG. 1 described above.

Each of the units of the audio signal processing device
100 may be configured by dedicated hardware or software.
When software 1s used, a processor of the audio signal
processing device 100 may execute a program for realizing
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the functions of functional units to be described below. The
program may be provided to the audio signal processing
device 100 via a computer-readable recording medium (for
example, an optical disc, a hard disk, a semiconductor
memory, or the like), or may be provided to the device via
various kinds of communication means. Hereinafter, each of
the units of the audio signal processing device 100 will be
described.

The s1gnal input unit 110 1s constituted by the microphone
51 mstalled 1n the housing of the digital camera 1. The
microphone 51 of the signal input unit 110 collects a desired
sound (sound to be recorded) around the digital camera 1,
convert the external sound into audio signals and then
output. The audio signals include not only the desired sound
but also a noise such as a pulsed mechanical sound and other
mechanical dnving sound generated from the driving device
14 of the digital camera 1 incorporated therein.

The A/D converter 120 converts the analog audio signals
output from the microphone 51 into digital audio signals.
The digital audio signals are mnput to the feature amount
extraction unit 130 and the noise reduction unit 160.

The feature amount extraction unit 130 extracts feature
amounts indicating the pulsed mechanical sound from the
audio signals output from the microphone 51. The feature
amount extraction umt 130 functions as (1) a pulse feature
amount extraction unit that extracts a pulse feature amount
indicating a pulse component of the pulsed mechanical
sound, and (2) a reverberation feature amount extraction unit
that extracts a reverberation feature amount indicating a
reverberation component of the pulsed mechanical sound.
Specifically, the feature amount extraction umt 130 includes
a maximum amplitude value acquisition section 131 and a
pulse width calculation section 132 as the pulse feature
amount extraction unit, and a reverberation power calcula-
tion section 133 as the reverberation feature amount extrac-
tion unit.

The maximum amplitude value acquisition section 131
acquires the maximum value of the amplitude (signal level)
of a pulse component of the audio signals, and outputs the
maximum amplitude value A as a pulse feature amount. The
pulse width calculation section 132 calculates the pulse
width W of the pulse component of the audio signals, and
outputs the pulse width W as a pulse feature amount. The
reverberation power calculation section 133 calculates the
power P of a narrow-band signal indicating a reverberation
component of the audio signals, and outputs the reverbera-
tion power P as a reverberation feature amount.

Here, a pulsed mechanical sound will be described with
reference to FIGS. 3A to 3C. FIGS. 3A to 3C are wavelform
diagrams of an audio signal that includes a pulsed mechani-
cal sound according to the present embodiment.

As 1llustrated 1n FIG. 3A, when the driving device 14
starts an operation during sound-recording by the digital
camera 1, a pulsed mechanical sound 1s generated from the
driving device 14, and the pulsed mechanical sound 1is
incorporated into the audio signals of an external sound
(background sound) as a noise. The pulsed mechanical
sound includes a pulse component of which the amplitude
momentarily rises and a reverberation component following
the pulse component.

The pulse component of the pulsed mechanical sound 1s
a part in which the signal level (amplitude) of the pulsed
mechanical sound rises 1n a pulse shape at the beginning of
the generation. The maximum value of the signal level
(amplitude) of the pulse component 1s the maximum ampli-
tude value A (see FIG. 3C). In addition, the pulse width W

1s a time width of the pulse component, and for example, a

5

10

15

20

25

30

35

40

45

50

55

60

65

12

time width of the signal level (amplitude) from the maxi-
mum amplitude value A to a half thereof (see FIG. 3C).

On the other hand, the reverberation component of the
pulsed mechanical sound 1s a part of narrow-band signals of
a specific low frequency band following the pulse compo-
nent, and has a signal characteristic responding to rever-
berations of the pulsed mechanical sound. Driving noises
generated from the driving device 14, and the like of the
digital camera 1 mostly include resonance components of
the main body of the digital camera 1, and after the pulse
component 1s generated when the driving device 14 starts an
operation, the reverberation component that includes the
resonance components of the pulse component 1s generated.
The power of the reverberation component of the pulsed
mechanical sound 1s concentrated on a specific frequency
band different from that of a general background sound, for
example, a low frequency band equal to or lower than 200
Hz. The power of a narrow-band signal indicating the
reverberation component 1s the reverberation component
power P.

As described above, since the pulsed mechanical sound
includes the characteristic components of the pulse compo-
nent and the reverberation component, 1f the two kinds of
components can be detected, presence or absence of a pulse
mechanical sound can be accurately detected. Thus, the
feature amount extraction umt 130 calculates the three
feature amounts (A, W, and P) from the mput audio signals.
In this case, since 1t 1s difficult to calculate a feature amount
for each sample data piece of the digital audio signals, the
feature amount extraction unit 130 stores data of the audio
signals 1n a predetermined amount (for example, one frame)
in a buller (not shown), and then calculates a feature amount
of the one-frame data of the audio signals. Here, one frame
of the audio signals may be, for example, 512 samples or
1024 samples, but the value 1s not limited thereto, and may
be an arbitrary number of data pieces.

The maximum amplitude value acquisition section 131
calculates the absolute values of the signal level (amplitude)
of data 1n one frame of the audio signals, and extracts the
maximum value among the values, thereby obtaining the
maximum amplitude value A. As the volume of the pulse
component of the pulsed mechanical sound increases, the
maximum amplitude value A increases accordingly. The
pulse width calculation section 132 calculates a time width
of the signal level (amplitude) of the audio signals from the
maximum amplitude value A to, for example, a half thereof,
thereby obtaining the pulse width W. As the pulse compo-
nent of the pulsed mechanical sound steepens, the pulse
width W decreases accordingly.

The reverberation power calculation section 133 calcu-
lates a value of the power (reverberation component power
P) of a narrow-band signal indicating the reverberation
component of the pulsed mechanical sound using a band-
pass filter (BPF) through which a specific frequency band
passes. For example, the reverberation power calculation
section 133 takes out signals of a low frequency band of 200
Hz or lower from the audio signals, and integrates signal
level values of the signals, thereby obtaining the value of the
reverberation component power P. The reverberation power
calculation section 133 may calculate the reverberation
component power P from a frequency band different from
the band of 200 Hz or lower according to a characteristic of
a noise. In addition, the reverberation power calculation
section 133 may calculate the value of the reverberation
component power P from a plurality of frequency bands. In
addition, the value of the reverberation component power P
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may be calculated by computing a power spectrum of the
audio signals using a fast Fourier transform (FFT) algo-
rithm.

As described above, the three feature amounts (the maxi-
mum amplitude value A, the pulse width W, and the rever-
beration component power P) obtained by the {feature
amount extraction unit 130 are mnput to the noise determi-
nation unit 140.

Retuning to FIG. 2, the noise determination unit 140
determines whether or not the pulsed mechanical sound 1s
included in the audio signals based on the feature amounts
(the maximum amplitude value A, the pulse width W, and
the reverberation component power P) indicating the pulsed
mechanical sound. The determination coeflicient retaining,
unit 150 1s configured as a memory device such as a
memory, and retains determination coeflicients used in
determining presence or absence of a pulsed mechanical
sound by the noise determination umt 140. Since the deter-
mination coethicients differ according to the characteristic of
the digital camera 1 or the driving device 14, the positional
relationship of the microphone 51 and the driving device 14,
and the like, determination coeflicients set by learning
pulsed mechanical sounds generated from devices in
advance are stored 1n the determination coeflicient retaining
unit 150.

The noise determination unit 140 determines the presence
or absence of a pulsed mechanical sound 1n the audio signals
by comprehensively using the feature amount vectors x (A,
W, and P) including the three feature amounts obtained by
the feature amount extraction unit 130 and the determination
coellicients retained 1n the determination coeflicient retain-
ing unit. The noise determination umt 140 determines
whether or not a pulsed mechanical sound i1s included 1n the
audio signals, and specifies a section of the audio signals 1n
which the pulsed mechanical sound 1s included. The deter-
mination method will be described later 1n more detail.

The noise reduction unit 160 performs a noise reduction
process on the audio signals according to the determination
result of the noise determination unmit 140, thereby removing,
noises such as the pulsed mechanical sound from the audio
signals. To be specific, when a pulsed mechanical sound 1s
determined to be included, the noise reduction unit 160
performs the noise reduction process on the audio signals of
the section in which the pulsed mechanical sound 1s
included. On the other hand, when a pulsed mechanical
sound 1s determined not to be included, the noise reduction
unit 160 does not perform the noise reduction process. As
described above, since the noise reduction process 1s per-
formed on audio signals of a section in which a pulsed
mechanical sound 1s included (noise section) only when the
pulsed mechanical sound 1s included, processing etfliciency
ol the noise reduction process 1s enhanced, and accordingly,
an unnecessary processing load can be lowered.

As a noise reduction processing method that the noise
reduction unit 160 uses, an arbitrary method of the related
art can be used, however, there are, for example, the
tollowing processing methods. (1) The noise reduction unit
160 may perform gain control for reducing the volume
(signal level) of a noise section. (2) In addition, the noise
reduction umt 160 may subtract a model signal of a pulsed
mechanical sound created in advance from an actual input
audio signal. (3) Furthermore, the noise reduction umt 160
may suppress a irequency band of a pulsed mechanical
sound (noise band) using a band-stop filter. (4) Furthermore,
the noise reduction unit 160 may estimate a signal waveform
of a background signal of a noise period 1n which a pulsed
mechanical sound 1s included based on audio signals before
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and after the noise section, and then a signal of the noise
section may be interpolated using the estimated signal.
The signal recording unit 170 records the digital audio
signals 1n which the pulsed mechanical sound 1s reduced by
the noise reduction unit 160 on a recording medium (not
shown). The recording medium may be an arbitrary record-
ing medium such as a magnetic recording medium such as
a hard disk or a magnetic tape, an optical recording medium
such as a DVD or a Blu-ray disc, or a semiconductor
memory such as a tlash memory, or a USB memory.

1.3. Specific Example of Determination Methods of
a Pulsed Mechanical Sound

Next, a specific example of determination methods of a
pulsed mechanical sound used by the noise determination
unit 140 of the audio signal processing device 100 according
to the present embodiment will be described. Hereinafter,
the determination method using a statistical identification
method and the determination method using table determi-

nation are exemplified.
[1.3.1. Determination Method Using the Statistical Iden-

tification Method]
The noise determination unit 140 can determine the

presence or absence of a pulsed mechanical sound 1ncluded
in an audio signal based on the statistical i1dentification
method that uses a linear identification device, an artificial
neural network, or the like. For example, i the statistical
identification method using a linear identification device, the
weighted average of the feature amounts 1s calculated as a
determination value y using the following expression (I).

1 (1)

V= w; - X; + Wy

1=0

Wherein 1 1s an index indicating a dimension, and I 1s a
total number of dimensions of a load coetlicient vector w..
X, indicates a feature amount vector (for example, three
feature amount vectors extracted by the feature amount
extraction unit 130 are x,=A, x,=W, and x,=P). w, 1s a
pre-set load (an example of the determination coeflicient),
and w, 1s a constant for deciding a threshold value of
determination.

The noise determination unit 140 determines the presence
or absence of a pulsed mechanical noise 1n one frame of an
audio signal using the determination value y obtained using
the expression (1) above. For example, the noise determi-
nation unit 140 determines whether or not the determination
value v 1s equal to or higher than a predetermined threshold
value y, (for example, y,=0). As a result, 1f y=y,, the noise
determination unit 140 determines that a pulsed mechanical
noise 1s present in the one frame, and 1if y<vy,, it 1s deter-
mined that a pulsed mechanical sound is not present in the
one frame.

The load w, and the threshold value vy, correspond to the
determination coeflicients, and are retained by the determi-
nation coeflicient retaiming umt 150 1n advance. The w, 1s
created based on a number of pre-recorded noise samples for
learning. For example, correct answers for whether some-
thing 1s a noise or a non-noise are given to a number of the
noise samples, and by using an optimization method such as
a method of steepest descent, Newton’s method, or the like,
a load w, that has highest 1dentification performance of a
noise and a non-noise can be set.
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[1.3.2. Determination Method Using Table Determina-
tion]

The noise determination unit 140 can determine the
presence or absence of a pulsed mechanical sound 1included
in an audio signal using a table indicating threshold values
of pre-set feature amounts. The noise determination unit 140
determines the presence or absence of a pulsed mechanical
sound using a table 142 as shown 1n, for example, FIG. 4.

As shown 1n FIG. 4, 1n the table 142, threshold values A,
W,, Py, . . . of the feature amounts A, W, P, . . . and
information relating to a determination reference are stored.
If, for example, the threshold value A, of the maximum
amplitude value A 1s 25000 and an actual maximum ampli-
tude value A exceeds A,, determination on the maximum
amplitude value A 1s set to be positive (True). The noise
determination unit 140 compares the actual maximum
amplitude value A, the pulse width W, and the reverberation

component power P calculated by the feature amount extrac-
tion unit 130 to the threshold values A, W, and P retained
in the table 142, and then determines each 1tem of the feature
amounts to be positive or negative. In the example of the
drawing, the items of the maximum amplitude value A and
the reverberation component power P are determined to be
positive (True) and the item of the pulse width W 1s
determined to be negative (False).

Furthermore, the noise determination unit 140 compares
the number of positively determined items z to the threshold
value thereof z,. As a result, 1f zzz,, the noise determination
unit 140 determines that a pulsed mechanical sound 1s
present in one frame of an audio signal, and 1t z<z,, 1t 1s
determined that a pulsed mechanical sound 1s not present 1n
the one frame. When z,=3, for example, the number of
positively determined items z 1s 2 in the example of the
drawing, and therefore a pulsed mechanical sound 1s deter-
mined not to be present 1n the one frame of the audio signal.

As described above, the threshold values A, W,
P,, . . ., the threshold value z, of the number of positively
determined 1items z, and the like correspond to the determi-
nation coetlicients. The table 142 that includes the determi-
nation coeflicients and the determination reference 1s
retained 1n the determination coeflicient retaining unit 150 in
advance. The determination coetflicients in the table 142 are
created based on pre-recorded noise samples. A designer of
the audio signal processing device 100 can, for example
arbitrarily set the determination coeflicients according to a
characteristic of an actual pulsed mechanical sound.

1.4. Audio Signal Processing Method

Next, with reference to FIG. 5, an audio signal processing
method (mechanical sound reduction method) using the
audio signal processing device 100 will be described. FIG.
5 1s a tlowchart for describing the audio signal processing
method according to the present embodiment.

As shown 1n FIG. 5, during 1imaging and sound-recording
by the digital camera 1 equpped with the audio signal
processing device 100 according to the present embodiment,
external sound around the digital camera 1s collected by the
microphone 51, and accordingly audio signals are output.
Then, the A/D converter 120 of the audio signal processing
device 100 converts the analog audio signals input from the
microphone 51 into digital audio signals (S10).

Next, the feature amount extraction unit 130 reads the
input audio signals that have undergone A/D conversion 1n
S10, and stores the signals 1n a bufler (S12). After data of the
audio signals for one frame which 1s a unit for processing 1n
the noise determination process 1s stored in the bufler (S14),
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the feature amount extraction umt 130 computes feature
amounts indicating a pulsed mechanical sound using the

data of the audio signals for the one frame (516). To be
specific, the feature amount extraction unit 130 computes
the maximum amplitude value A and the pulse width W of
a pulse component of the pulsed mechanical sound as pulse
feature amounts, and computes the reverberation component
power P of the pulsed mechanical sound as a reverberation
feature amount.

Furthermore, the noise determination unit 140 determines
whether or not a pulsed mechanical sound 1s included 1n the
one frame of the input audio signals using the feature
amounts A, W, and P obtained 1n S16 and the determination
coellicients described above (S18). As a result, when 1t 1s
determined that a pulsed mechanical sound 1s included, the
noise reduction unit 160 executes the noise reduction pro-
cess on the one frame of the mput audio signals to remove
noises including the pulsed mechanical sound (S20). Then,
the signal recording unit 170 records the audio signals of
which the noises are removed 1n S20 on a recording medium
(S22).

On the other hand, when 1t 1s determined 1n S18 that a
pulsed mechanical sound 1s not included, the noise reduction
umt 160 does not execute the noise reduction process on the
one frame of the mput audio signals, and the signal record-
ing umt 170 records the one frame of the input audio signal
on the recording medium (S22).

Then, the processes of S10 to S22 are repeated on the next
one frame of the input audio signals until the 1imaging and

sound-recording operation by the digital camera 1 ends
(S24).

1.5. Eftect

Heremabove, the configuration of the audio signal pro-
cessing device 100 according to the first embodiment of the
present disclosure and the audio signal processing method
that uses the configuration have been described. According
to the present embodiment, the audio signal processing
device 100 extracts the three feature amounts indicating a
pulsed mechanical sound from audio signals input from the
microphone 351, and then determines presence or absence of
the pulsed mechanical sound using the feature amounts.
Accordingly, without using driving control information of
the driving device 14 that 1s a noise generation source, the
presence or absence of the pulsed mechanical sound and a
section thereof can be accurately detected only using 1nput
signals of actually collected sounds.

In addition, the audio signal processing device 100 per-
forms the noise reduction process only on a noise section of
audio signals i which the pulsed mechanical sound 1is
detected. Accordingly, 1t 1s possible to precisely match a
noise section i which the pulsed mechanical sound 1s
actually included with a noise reduction process section, and
the reduction process 1s performed 1n a non-noise section, or
conversely, omitted in a noise section. Therefore, deteriora-
tion of sound quality in the non-noise section of audio
signals 1s not a concern, a highly accurate noise reduction
process can be realized, and fidelity of collected external
sounds (desired sounds) can be enhanced.

Furthermore, 1n the noise determination process, a pulsed
mechanical sound percerved by the human ears can be
detected with high accuracy using not only the feature
amount relating to the volume (signal level) of audio signals
(maximum amplitude value A) but also the pulse width W of
the pulsed mechanical sound and the reverberation compo-
nent power P of the pulsed mechanical sound. Thus, the
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noise reduction process 1s executed on a non-noise section in
which a noise 1s not perceived by the human ears, or
conversely, omitted 1n a noise section i which a noise 1s
perceived. Thus, quality of desired sounds (background
sounds) of external sounds does not deteriorate, and only an
unpleasant noise such as a pulsed mechanical sound can be
appropriately removed.

In addition, since the driving control information of the
driving device 14 that 1s a noise generation source 1s not
used, a system configuration of the audio signal processing,
device 100 and the digital camera 1 can be simplified.
Furthermore, since a noise (pulsed mechanical sound) is
detected only from data of recorded audio signals, without
using the driving control information, the determination of
the presence or absence of the noise and the reduction
process can be executed not only during recording of the
audio signals by an audio signal recording device but also
during reproduction of the audio signals by an audio signal
reproduction device.

2. Second Embodiment

Next, an audio signal processing device and audio signal
processing method according to a second embodiment of the
present disclosure will be described. The audio signal pro-
cessing device according to the second embodiment 1is
characterized 1n that the number of zero-crossing times N of
a signal indicating a reverberation component 1s used as a
reverberation feature amount (second feature amount)
instead of the reverberation component power P. Since other
functional configurations of the second embodiment are
substantially the same as those of the first embodiment,
detailed description thereof will be omitted.

2.1. Functional Configuration of an Audio Signal
Processing Device

First, with reference to FIG. 6, a functional configuration
of the audio signal processing device 100 according to the
second embodiment will be described. FIG. 6 1s a block
diagram 1illustrating a functional configuration of the audio
signal processing device 100 according to the second
embodiment.

As 1llustrated mn FIG. 6, the audio signal processing
device 100 includes the signal mput unit 110, the A/D
converter 120, the feature amount extraction unit 130, the
noise determination unit 140, the determination coethcient
retaiming umt 150, the noise reduction unit 160, and the
signal recording unit 170 as in the first embodiment. In
addition, the feature amount extraction unit 130 1s charac-
terized by including the maximum amplitude value acqui-
sition section 131 and the pulse width calculation section
132 as a pulse feature amount extraction unit as in the first
embodiment, and by including a zero-crossing time calcu-
lation section 134 as a reverberation feature amount extrac-
tion unit.

The zero-crossing time calculation section 134 calculates
the number of zero-crossing times N of a narrow-band signal
indicating a reverberation component of a pulsed mechani-
cal sound. Here, the number of zero-crossing times N 1s the
number ol zero-cross points of the narrow-band signal. A
Zero-cross point 1s a point at which a positive signal value of
an audio signal having a time waveform reaches a negative
value, or a negative signal value reaches a positive value. At
a zero-cross point, a signal value of an audio signal 1s zero.
As the number of zero-crossing times increases, an audio
signal has a higher frequency component, and as the number
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ol zero-cross points decreases, an audio signal has a lower
frequency component. In this manner, the number of zero-

cross points serves as a parameter indicating a low Ire-
quency component mcluded in an audio signal.

As described above, a narrow-band signal indicating a
reverberation component of a pulsed mechanical sound 1s a
signal of a specific low frequency band (for example, 200 Hz
or lower), and has a different frequency band from a general
background sound. Thus, 1f the number of zero-crossing
times N of an audio signal 1n a predetermined section 1s
counted, 1t can be determined whether or not a reverberation
component of a pulsed mechanical sound 1s included 1n the
section using the number of zero-crossing times N.

Thus, the zero-crossing time calculation section 134 takes
out a signal of a low frequency band of, for example, 200 Hz
or lower from, for example, a predetermined section (for
example, one frame) of an audio signal, counts the number
ol zero-cross points of the signal, and thereby obtains the
number of zero-crossing times N. Then, the zero-crossing
time calculation section 134 outputs the number of zero-
crossing times N to the noise determination unit 140 as the
reverberation feature amount (second feature amount).

The zero-crossing time calculation section 134 may cal-
culate the number of zero-crossing times N of a signal of a
frequency band different from the band of 200 Hz or lower
according to a characteristic of a noise. In addition, the
zero-crossing time calculation section 134 may calculate the
number of zero-crossing times N of a signal of a plurality of
frequency bands. Furthermore, the zero-crossing time cal-
culation section 134 may use a value obtained by dividing
the number of zero-crossing times N by the number of
samples 1n one frame of an audio signal as the reverberation
feature amount, imstead of using the number of zero-crossing
times N.

The noise determination umt 140 determines whether or
not a pulsed mechanical sound 1s included 1n an audio signal
based on the feature amounts (the maximum amplitude
value A, the pulse width W, and the number of zero-crossing
times N) indicating the pulsed mechanical sound. In this
case, the noise determination unit 140 compares the number
of zero-crossing times N obtained by the zero-crossing time
calculation section 134 to a pre-set threshold value N, of the
number of zero-crossing times N, and 1 N,>N, 1t 1s deter-
mined that a reverberation component of the pulsed
mechanical sound 1s present in the section of the audio
signal.

2.2. Specific Example of Determination Methods of
a Pulsed Mechanical Sound

Next, specific examples of determination methods of a
pulsed mechanical sound used by the noise determination
unit 140 of the audio signal processing device 100 according
to the second embodiment will be described. In the same
manner as in the first embodiment, for example, the deter-
mination method using the statistical identification method,
the determination method using table determination, or the
like can also be used 1n the second embodiment.

[2.2.1. Determination Method Using the Statistical Iden-
tification Method]

The noise determination unit 140 can determine presence
or absence of a pulsed mechanical sound 1n an audio signal
using the statistical identification method that uses the linear
identification device, the artificial neural network, or the
like. In the statistical i1dentification method that uses the
linear 1dentification device, for example, the weighted aver-
age of the feature amounts 1s calculated as the determination
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value v using the expression (1) described above. In this
case, as X, 1n the expression (1), the vectors of the three
feature amounts extracted by the feature amount extraction
unit 130 {x,=(A, W, N)} are used. Since other points are the
same as 1n the first embodiment, detailed description thereof
1s omitted.

[2.2.2. Determination Method Using Table Determina-
t1on]

The noise determination unit 140 can determine presence
or absence of a pulsed mechanical sound 1n an audio signal
using a table that indicates pre-set threshold values of the
feature amounts. The noise determination unit 140 deter-
mines the presence or absence of a pulsed mechanical sound
using the table 144 as illustrated 1n, for example, FIG. 7.

As shown 1n FIG. 7, 1n the table 144, threshold values A,
W,, N, . . . of the feature amounts A, W, N, . . . and
information relating to a determination reference are stored.
For example, 1f the threshold value N, of the number of
zero-crossing times N 1s 50 and the actual number of
zero-crossing times N 1s less than N,, the number of
zero-crossing times N 1s set to be determined to be positive
(True). The noise determination umit 140 compares the
actual maximum amplitude value A, pulse width W, and
number of zero-crossing times N calculated by the feature
amount extraction unit 130 to the threshold values A, W,
and N, stored 1n the table 144, and then determines positivity
or negativity ol the items of the feature amounts. In the
example of the drawing, the 1tems of the maximum ampli-
tude value A and the number of zero-crossing times N are
determined to be positive (True), and the 1tem of the pulse
width W 1s determined to be negative (False).

Furthermore, 1n the same manner as in the first embodi-
ment, the noise determination unit 140 compares the number
of positively determined items z to the threshold value z,,
and then determines whether or not a pulsed mechanical
sound 1s mncluded in one frame of an audio signal based on
the comparison result. The threshold wvalues A,, W,,
N,, . . ., and the threshold value z, of the number of
positively determined 1tems z correspond to the determina-
tion coellicients for determining the presence or absence of
the pulsed mechanical sound.

2.3. Effect

Hereinabove, the configuration of the audio signal pro-
cessing device 100 according to the second embodiment of
the present disclosure and the noise determination method
that uses the configuration have been described. The proce-
dure of the audio signal processing method using the audio
signal processing device 100 1s the same as that 1n the first
embodiment (refer to FIG. 5).

According to the second embodiment, since the presence
or absence of a reverberation component of a pulsed
mechanical sound can be appropriately determined by using
the number of zero-crossing times N as a reverberation
feature amount, whether or not the pulsed mechanical sound
1s 1ncluded in an audio signal can be accurately detected.
Thus, the same effect as 1n the first embodiment described
above 1s obtained 1n the second embodiment.

3. Third Embodiment

Next, an audio signal processing device and an audio
signal processing method according to a third embodiment
ol the present disclosure will be described. The audio signal
processing device according to the third embodiment 1s
characterized in that another additional feature amount (a
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third feature amount) 1s also used in addition to the three
feature amounts A, W, and P. Since other functional con-

figurations of the third embodiment are substantially the
same as those of the first embodiment, detailed description
thereof will be omutted.

3.1. Functional Configuration of an Audio Signal
Processing Device

First, with reference to FIG. 8, a functional configuration
of the audio signal processing device 100 according to the
third embodiment will be described. FIG. 8 1s a block
diagram 1illustrating the functional configuration of the audio
signal processing device 100 according to the third embodi-
ment of the present disclosure.

As 1llustrated 1n FIG. 8, the audio signal processing
device 100 includes the signal mput umit 110, the A/D
converter 120, the feature amount extraction unit 130, the
noise determination unit 140, the determination coethcient
retaining umt 150, the noise reduction umt 160, and the
signal recording unit 170 as in the first embodiment. In
addition, the feature amount extraction unit 130 is charac-
terized by including one or two or more additional feature
amount calculation sections 135-1 to N (N 1s an arbitrary
natural number) 1n addition to the maximum amplitude
value acquisition section 131, the pulse width calculation
section 132 and the reverberation power calculation section
133.

The additional feature amount calculation sections 135-1
to N (herematter, collectively referred to as the additional
feature amount calculation section 1335) calculate an addi-
tional feature amount B in addition to the basic feature
amounts (the maximum amplitude value A, the pulse width
W, and the reverberation component power P) used in the
first embodiment.

Here, the additional feature amount B 1s, for example, (a)
a root mean square (RMS) of an audio signal, (b) a value of
change of the RMS, (¢) a changed amplitude value of a
narrow-band signal indicating a reverberation component of
the pulsed mechanical sound, (d) the number of zero-
crossing times N of the narrow-band signals, (e) a value of
change of the number of zero-crossing times N, or the like.
The additional feature amount calculation section 135 may
calculate only some or all of the various additional feature
amounts.

(a) The RMS of an audio signal indicates average energy
in a section of an audio signal, and corresponds to a pulse
feature amount indicating a pulse component of a pulsed
mechanical sound. When the audio signal includes a noise,
the RMS indicates energy of the noise or audio signals
around the noise. Thus, when an audio signal includes a
pulsed mechanical sound, the RMS of a section of the pulse
component increases, the RMSs before and after the section
decrease, and thus the presence or absence of a pulse
component can be detected using the RMS.

(b) The value of change of the RMS indicates time
progress of the RMS corresponding to a pulse feature
amount indicating a pulse component of a pulsed mechani-
cal sound. By comparing energy changes of an audio signal
between a section that includes a pulsed mechanical sound
and the sections before and after the section with a value of
change of the RMS, the presence or absence of the pulsed
mechanical sound can be more accurately detected, or a
signal wavelorm of a pulse component of the pulsed
mechanical sound or the like can be closely analyzed.

(¢) The changed amplitude value of a narrow-band si1gnal
indicates time progress of the amplitude of a reverberation
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component of a pulsed mechanical sound corresponding to
a reverberation feature amount indicating a reverberation
component of the pulsed mechanical sound. By comparing
amplitude changes of an audio signal between a section that
includes the reverberation component of the pulsed
mechanical sound and the sections before and after the
section with the changed amplitude value of a narrow-band
signal, the presence or absence of the pulsed mechanical
sound can be more accurately detected, or a signal wavetform
of the reverberation component of the pulsed mechanical
sound, or the like can be closely analyzed.

(d) The number of zero-crossing times N of a narrow-
band signal indicates energy of a reverberation component
of a pulsed mechanical sound corresponding to the rever-
beration feature amount indicating a reverberation compo-
nent of the pulsed mechanical sound. As described in the
second embodiment, the presence or absence of the rever-
beration component of the pulsed mechanical sound can be
more accurately detected with the number of zero-crossing
times N.

(¢) The value of change of the number of zero-crossing
times N 1ndicates time progress of the number of zero-
crossing times N of a narrow-band signal indicating a
reverberation component of a pulsed mechanical sound
corresponding to the reverberation feature amount indicat-
ing a reverberation component of the pulsed mechanical
sound. By comparing the numbers of zero-crossing times of
an audio signal between a section that includes the rever-
beration component of the pulsed mechanical sound and the
sections before and after the section with the value of change
of the number of zero-crossing times N, the presence or
absence of the pulsed mechanical sound can be more accu-
rately detected, or a signal waveform of the reverberation
component of the pulsed mechanical sound, or the like can
be closely analyzed.

In this manner, the additional feature amount calculation
section 135 computes the various kinds of additional feature
amounts B, and outputs the computed additional feature
amounts B to the noise determination unit 140. The noise
determination unit 140 determines the presence or absence
ol a pulsed mechanical sound using the three basic feature
amounts (the maximum amplitude value A, the pulse width
W, and the reverberation component power P) and at least
one of the additional feature amounts B (which correspond
to the first, second and third feature amounts).

3.2. Specific Example of Determination Methods of
a Pulsed Mechanical Sound

Next, specific examples of determination methods of a
pulsed mechanical sound used by the noise determination
unit 140 of the audio signal processing device 100 according,
to the third embodiment will be described. In the third
embodiment, for example, the determination method using
the statistical 1dentification method, the determination
method using table determination, or the like can also be
used as 1n the first embodiment.

[3.2.1. Determination Method Using the Statistical Iden-
tification Method]

In the determination method using the statistical i1denti-
fication method, four or more feature amount vectors x,=(A,
W, P, B,, B,, B,)} in which the three basic feature amounts
A, W, and P and at least one of the additional feature
amounts B are used as x, of the expression (1) described
above. Since other points are the same as the first embodi-
ment, detailled description thereof 1s omuitted.
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The load w, of each feature amount 1n the expression (1)
may be changed according to the degree of importance of
cach of the feature amounts and a characteristic of the pulsed
mechanical sound. For example, the load w, of the basic
feature amounts A, W, and P may be set to be greater than
the load w, of the additional feature amount B. In addition,
when the plurality of additional feature amounts B,,
B,, ..., and B,, are used, the loads w, may be set to be
greater for more important additional feature amounts B (for
example, the number of zero-crossing times N). Accord-

ingly, accuracy in determining the presence or absence of the
pulsed mechanical sound can 1mprove.

[3.2.2. Determination Method Using Table Determina-
tion |

In addition 1n the determination method using table deter-
mination, the presence or absence of a pulsed mechanical
sound 1n an audio signal 1s determined using a table (refer to
FIG. 4) indicating pre-set threshold values of feature
amounts, as in the first embodiment. In the table, the
threshold values A,, W,, N,, B, o, B, 4, .. ., and B,, , of
the feature amounts A, W, P, B,, B, . . ., and B, and
information relating to a determination reference are stored.
The noise determination unit 140 compares the actual fea-
ture amounts A, W, P, B,, B,, . . ., and B,, to the threshold
values A,, W,, N, B, o, B, ..., and B,, , retained 1n the
table 144, and then determines positivity or negativity of the
items of the feature amounts. Furthermore, the noise deter-
mination unit 140 compares the number of positively deter-
mined 1tems z to the threshold value z, thereof, and then
determines whether or not a pulsed mechanical sound 1is
included in one frame of an audio signal based on the
comparison result. Since this determination method 1s the
same as 1n the first embodiment, detailed description thereof
1s omitted.

3.3. Eftect

Hereinabove, the configuration of the audio signal pro-
cessing device 100 according to the third embodiment of the
present disclosure and the noise determination method that
uses the configuration have been described. The procedure
of the audio signal processing method using the audio signal
processing device 100 1s the same as that in the first
embodiment (refer to FIG. 5).

According to the third embodiment, the presence or
absence of a pulsed mechanical sound 1s determined using
the additional feature amounts B in addition to the basic
feature amounts A, W, and P. Thus, the third embodiment
exhibits the effect that the presence or absence of a pulsed
mechanical sound can be more accurately detected and a
signal waveform of the pulsed mechanical sound or the like
can be more exactly detected, 1n addition to the effect of the
first embodiment described above.

In the third embodiment, although the example of using
the reverberation component power P as a basic feature
amount and using the number of zero-crossing times N as an
additional feature amount has been described, the present
technology 1s not limited to the example. For example, the
number of zero-crossing times N and a value of change
thereol may be used as a basic feature amount 1nstead of the
reverberation component power P, and the reverberation
component power P or a value of change thereot, or the like
may be used as an additional feature amount.

4. Fourth Embodiment

Next, an audio signal processing device and an audio
signal processing method according to a fourth embodiment
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of the present disclosure will be described. The audio signal
processing device according to the fourth embodiment 1s

characterized in that a plurality of feature amounts are
extracted from a plurality of sections of an audio signal, and
the presence or absence of a pulsed mechanical sound 1s
determined based on the plurality of feature amounts. In this
case, the plurality of feature amounts are computed (for
example, the sum or the average value 1s computed), and
using the computed value as a new feature amount, the
presence or absence of a pulsed mechanical sound may be
determined. Since other functional configurations of the
fourth embodiment are substantially the same as those of the
first or the third embodiment, detailed description thereof
will be omitted.

4.1. Functional Configuration of an Audio Signal
Processing Device

First, with reference to FIG. 9, a functional configuration
of the audio signal processing device 100 according to the
fourth embodiment will be described. FIG. 9 1s a block
diagram 1llustrating the functional configuration of the audio
signal processing device 100 according to the fourth
embodiment.

As 1llustrated in FIG. 9, the audio signal processing
device 100 includes the signal mput unit 110, the A/D
converter 120, the feature amount extraction unit 130, the
noise determination unit 140, the determination coeflicient
retaiming unit 150, the noise reduction unit 160, and the
signal recording unit 170 as in the first embodiment. Fur-
thermore, the audio signal processing device 100 1s charac-
terized by including a feature amount retaining unit 152 that
1s connected to the feature amount extraction umt 130 and
the noise determination unit 140.

In the fourth embodiment, the feature amount extraction
unit 130 can set a section ({frame) of an audio signal for
calculating a feature amount 1 an arbitrary position. In
addition, the feature amount extraction umt 130 computes
feature amounts from a plurality of sections (a plurality of
frames) 1n an arbitrary position of an audio signal, and then
outputs the results to the noise determination unit 140. The
noise determination unit 140 stores the plurality of feature
amounts 1n the feature amount retaining unit 152. The
feature amount retaining unit 152 1s configured by a memory
device such as a semiconductor memory, and temporarily
retains the feature amounts computed by the feature amount
extraction unit 130. The feature amount extraction unit 130
can retain the feature amounts in an arbitrary period, and 1n
order to suppress an amount of stored data, old feature
amount data may be sequentially deleted.

The feature amount extraction unit 130 may calculate the
various kinds of feature amounts (for example, the maxi-
mum amplitude value A, the pulse width W, the reverbera-
tion component power P, and the additional feature amount
B) from a plurality of sections of an audio signal. Alterna-
tively, the feature amount extraction unit 130 may calculate
some feature amounts (for example, the maximum ampli-
tude value A and the pulse width W) from a plurality of
sections of an audio signal, and calculate the other feature
amounts (for example, the reverberation component power
P and the additional feature amount B) from one section of
the audio signal.

In this manner, the feature amounts computed from the
plurality of sections (frames) of the audio signal are retained
in the feature amount retaining unit 152. The noise deter-
mination unit 140 reads the feature amounts computed from
the plurality of sections of the audio signal {from the feature
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amount retaining unit 152, and determines the presence or
absence of an audio signal based on the plurality of feature
amounts. In this case, the noise determination unit 140 may
compute the sum or the average value of the plurality of
feature amounts, and then determine the presence or absence
of an audio signal based on the computed value.

Since the presence or absence of a pulsed mechanical
sound 1s determined by the noise determination unit 140 as
in the first embodiment, for example, the determination
method using the statistical identification method, the deter-
mination method using table determination, or the like may
be used in the fourth embodiment as well. The determination
methods are the same as 1n the first or the third embodiment,
and detailed description thereof 1s omitted.

4.2. Effect

Heremnabove, the configuration of the audio signal pro-
cessing device 100 according to the fourth embodiment of
the present disclosure has been described. The procedure of
an audio signal processing method using the audio signal
processing device 100 1s the same as 1n the first embodiment
(refer to FIG. §).

According to the fourth embodiment, the presence or
absence of an audio signal 1s determined using a plurality of
feature amounts computed from a plurality of sections of the
audio signal. Particularly, 1t 1s preferable that, by computing
the sum or the average value of the plurality of feature
amounts and setting the computed value as a new feature
amount, the presence or absence of an audio signal be
determined based on the feature amount.

Accordingly, stability in determination can increase and
accuracy 1n determination can improve. When a noise other
than a pulsed mechanical sound 1s included 1 an audio
signal or when a background sound changes, for example,
there are cases 1 which 1t 1s diflicult to compute appropriate
feature amounts only from one section of the audio signal.
For this reason, by computing a plurality of feature amounts
from a plurality of sections 1n an audio signal as described
in the embodiment, influence of an abnormal value or a
peculiar value of the audio signal can be suppressed. Thus,
appropriate feature amounts are stably computed, and
accordingly, accuracy 1n determining the presence or
absence of a pulsed mechanical sound can improve.

Although the fourth embodiment described above has the
configuration in which the feature amount retaining unit 152
1s provided 1n the later part of the feature amount extraction
umt 130 to retain computed feature amounts, the present
technology 1s not limited to the example. Feature amounts
may be computed from a plurality of sections of an audio
signal 1in such a way that, for example, a signal retaining unit
that retains data of some sections of an AD converted audio
signal 1s provided in the front part of the feature amount
extraction unit 130, and the feature amount extraction unit
130 reads data of arbitrary sections of the audio signal from
the signal retaiming unit. Accordingly, the noise determina-
tion unit 140 can determine the presence or absence of a
pulsed mechanical sound based on the feature amounts of
the plurality of sections of the audio signal.

5. Fitth Embodiment

Next, an audio signal processing device and an audio
signal processing method according to a fifth embodiment of
the present disclosure will be described. The audio signal
processing device according to the fifth embodiment 1s
characterized 1n that a control signal of the driving device 14
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that 1s a generation source of a pulsed mechanical sound 1s
acquired, and the feature amount extraction process and the

noise determination process are performed only in the
driving period of the driving device 14. Since other func-
tional configurations of the fifth embodiment are substan-
tially the same as those of the first embodiment, detailed
description thereof will be omitted.

5.1. Functional Configuration of an Audio Signal
Processing Device

First, with reference to FI1G. 10, a functional configuration
of the audio signal processing device 100 according to the
fifth embodiment will be described. FIG. 10 1s a block
diagram 1illustrating the functional configuration of the audio
signal processing device 100 according to the fifth embodi-
ment.

As 1illustrated in FIG. 10, the audio signal processing
device 100 includes the signal mput unit 110, the A/D
converter 120, the feature amount extraction unit 130, the
noise determination unit 140, the determination coetlicient
retaiming umt 150, the noise reduction unit 160, and the
signal recording unit 170 as in the first embodiment. Fur-
thermore, the audio signal processing device 100 1s charac-
terized by including a control signal acquisition umt 180
connected to the feature amount extraction umt 130.

The driving device 14 that 1s a generation source of a
pulsed mechanical sound 1s controlled according to a control
signal generated by the control unit 70 (refer to FIG. 1) of
the digital camera 1. The control signal corresponds to
driving control information for controlling driving of the
driving device 14, and for example, 1s a control signal for
C
C
C

riving the zoom motor 15 or the focus motor 16 of the
1gital camera 1. With the control signal, driving or non-
riving of the driving device 14 i1s determined, and a period
in which a pulsed mechanical sound can be generated from
the driving device 14 can be detected.

When the driving device 14 does not operate (a non-
driving period), a pulsed mechanical sound 1s not generated,
and thus 1t 1s not necessary to execute the feature amount
extraction process and the noise determination process
described above. On the other hand, when the driving device
14 operates (a driving period), a pulsed mechanical sound 1s
generated, and thus it 1s necessary to execute the feature
amount extraction process and the noise determination pro-
cess described above. Therefore, 11 it 1s possible to acquire
a control signal and then detect a driving period of the
driving device 14, the processes can be executed only 1n the
driving period, and an amount of computation can be
accordingly reduced.

Thus, the audio signal processing device 100 according to
the fifth embodiment acquires the control signal from the
control unit 70, or the like, and executes the feature amount
extraction process and the noise determination process
described above only 1n the driving period of the driving
device 14. In more detail, the audio signal processing device
100 1includes the control signal acquisition unit 180 that
acquires control signals for controlling the driving device 14
as 1llustrated 1n FI1G. 10. The control signal acquisition unit
180 receives a control signal transmitted from the control
unit 70 and then outputs the signal to the feature amount
extraction unit 130.

The feature amount extraction unit 130 has a memory part
such as a bufler memory or the like not shown in the drawing
to bufler an audio signal input from the microphone 51. In
addition, the feature amount extraction unit 130 monitors
whether or not the control signal acquisition unit 180
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acquires a control signal. Then, when a control signal
indicating driving start of the driving device 14 1s acquired,

the feature amount extraction unit 130 reads an audio signal
stored 1n the bufler memory, starts executing a process of
computing the various feature amounts, and then ends the
execution of the process when a control signal indicating
driving end of the driving device 14 1s acquired. In this
manner, the feature amount extraction unit 130 determines a
period 1n which the driving device 14 operates using the
control signal, and then executes the feature amount extrac-
tion process only in the driving period of the driving device
14. In the same manner, the noise determination unit 140
also determines the driving period of the driving device 14
using the control signal, and executes the noise determina-
tion process described above only in the driving period of
the driving device 14 using the feature amounts obtained
from the feature amount extraction unit 130.

5.2. Audio Signal Processing Method

Next, with reference to FIG. 11, the audio signal process-
ing method (a mechanical sound reduction method) using
the audio signal processing device 100 according to the fifth
embodiment will be described. FIG. 11 1s a flowchart for
describing the audio signal processing method according to
the present embodiment.

As described 1n FIG. 11, the audio signal processing
device 100 according to the fifth embodiment first performs
A/D conversion on an audio signal mput from the micro-
phone 51 (510), and stores the signal 1n the bufler (512). The
processes from S10 to S12 are the same as those of the first
embodiment.

Then, after data of the audio signal for one frame that 1s
a unit of processing in the noise determination process 1s
stored 1n the bufler (S14), the feature amount extraction unit
130 determines whether or not the driving device 14 that 1s
a noise generation source 1s operating, in other words, 1s 1n
a driving period (515). For example, in S15, the feature
amount extraction unit 130 determines whether or not the
driving device 1s 1n a driving period based on whether or not
a control signal of the driving device 14 has been received
from the control unit 70 of the main body of the digital
camera 1. A period 1n which the control signal 1s received 1s
determined to be a driving period in which the driving
device 14 operates, and on the other hand, a period in which
the control signal i1s not received 1s determined to be a
non-driving period in which the driving device 14 does not
operate.

As a result, when 1t 1s determined to be a driving period
of the driving device 14, the feature amount extraction unit
130 computes feature amounts 1ndicating a pulsed mechani-
cal sound (S16) from the data of the audio signal for one
frame of the mnput audio signal, and the noise determination
umt 140 determines whether or not a pulsed mechanical
sound 1s included 1n the one frame using the feature amounts
A, W, and P obtained 1n S16 and the determination coefli-
cients (S18), as 1n the first embodiment. As a result, when a
pulsed mechanical sound 1s determined to be included
therein, the noise reduction unit 160 executes the noise
reduction process on the one frame of the mput audio signal
to remove noises including the pulsed mechanical sound
(520). Then, the signal recording unit 170 records the audio
signal from which noises are removed 1n S20 on a recording,
medium (S22).

On the other hand, when it 1s determined not to be a
driving period of the driving device 14 1n S15, the feature
amount computation process by the noise determination unit
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140 and the determination process of the presence or
absence of a pulsed mechanical sound by the noise deter-
mination unit 140 are not performed, unlike in the first
embodiment. Then, the signal recording unit 170 records the
input audio signal on a recording medium without change
(S22).

Then, the processes of S10 to S22 are repeated on the next
one frame of the mput audio signal until an 1maging and

sound-recording operation by the digital camera 1 ends
(S24).

5.3. Eftect

Hereinabove, the configuration of the audio signal pro-
cessing device 100 according to the fifth embodiment of the
present disclosure and the audio signal processing method
using the device have been described.

According to the fifth embodiment, driving or non-driving
of the dnving device 14 1s determined using control infor-
mation of the driving device 14, and the feature amount
extraction process and the noise determination process are
executed only 1n an operation period of the driving device
14. Thus, the computation processes may not be performed
in a non-driving period of the dnving device 14, and
accordingly, a computation amount can be reduced. Particu-
larly, 1n an 1maging operation period of the digital camera 1,
the driving device 14 such as the zoom motor 15 does not
frequently operate, and the operation period of the driving
device 14 accounts for only a short period of time 1n the
entire 1maging operation period. Thus, when the processes
described above are executed 1n a driving period and not
executed 1n a non-driving period, a computation amount can
be drastically reduced.

In addition, when the processes are performed in a non-
driving period of the driving device 14, there 1s concern of
a noise determination error when a pulsed mechanical sound
1s erroneously determined to be present. However, according
to the fifth embodiment, occurrence of such a noise deter-
mination error can also be reduced, and thus an audio signal
with high quality that 1s close to the original sound can be
recorded.

6. Sixth Embodiment

Next, an audio signal processing device and an audio
signal processing method according to a sixth embodiment
of the present disclosure will be described. The audio signal
processing device according to the sixth embodiment 1s
characterized 1n that the determination coetlicients are
changed according to a characteristic of the driving device
14 that 1s a noise generation source, and using the determi-
nation coellicient and feature amounts, the presence or
absence ol a pulsed mechanical sound unique to the driving
device 14 1s determined. Since other functional configura-
tions of the sixth embodiment are substantially the same as
those of the first embodiment, detailed description thereof
will be omitted.

6.1. Overview of a Noise Determination Method

A characteristic of the pulsed mechanical sound changes
according to a characteristic of a sound generation unit (the
driving device 14, or the like) that generates the pulsed
mechanical sound. In a single-lens reflex camera, for
example, a plurality of kinds of exchangeable lens devices
(for example, one corresponding to the imaging unit 10 of
FIG. 1) can be attached to or detached from the main body
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of a camera. In this case, the characteristic of the pulsed
mechanical sound collected 1n the digital camera 1 changes

according to a characteristic of the installed lens device (for
example, the type, arrangement, or the like of the drniving
device 14 that drives the lens). Thus, 1t 1s preferable to set
parameters of various coeflicients, tables, the threshold
values of feature amounts, and the like (heremafter referred
to as “determination coeflicients™) used 1n the noise deter-
mination process according to a characteristic of a lens
device actually installed 1n the digital camera 1.

Thus, 1n the sixth embodiment, determination coeflicients
corresponding to characteristics of each exchangeable lens
device are set 1n advance. Then, using the determination
coellicients corresponding to a lens device installed in the
digital camera 1 1n an actual noise determination process, it
1s determined whether or not a noise (pulsed mechanical
sound) unique to the lens device 1s included 1n an input audio
signal. In this manner, by changing the determination coel-
ficients used 1n noise determination, a noise unique to each
lens device can be detected with high accuracy.

Here, each determination coeflicient 1s a parameter used
in determining the presence or absence of a pulsed mechani-
cal sound. For example, the determination coeflicients
include the load w, w, and threshold value y, 1n the
expression (1) based on the statistical identification method
and the threshold values A,, W,, P,, . . . of the feature
amounts, and the threshold value z, of the number of
determination items z in the table 142 (refer to FIG. 4) based
on the table determination method, and the like. If a pulsed
mechanical sound generated from the driving device 14 of
various lens devices 1s analyzed in advance and the various
determination coetlicients are set according to the analysis
result, an appropriate noise reduction process for each lens
device can be realized.

6.2. Functional Configuration of an Audio Signal
Processing Device

Next, with reference to FIG. 12, a functional configura-
tion of the audio signal processing device 100 according to
the sixth embodiment will be described. FIG. 12 1s a block
diagram 1illustrating the functional configuration of the audio
signal processing device 100 according to the sixth embodi-
ment.

As 1llustrated 1 FIG. 12, the audio signal processing
device 100 includes the signal mput umit 110, the A/D
converter 120, the feature amount extraction unit 130, the
noise determination unit 140, the determination coethcient
retaining umt 150, the noise reduction umt 160, and the
signal recording unit 170 as in the first embodiment. Fur-
thermore, the audio signal processing device 100 1s charac-
terized by including a determination coeflicient selection
unit 154 that selects a determination coetlicient correspond-
ing to a lens device connected to the digital camera 1 from
a plurality of determination coeflicients.

The determination coellicient selection unmit 154 retains a
plurality of pre-set determination coelflicients for each of
various lens devices. The determination coetlicients retained
in the determination coeflicient selection unit 154 are set 1n
advance according to a characteristic of the driving device
14 of each of the lens devices and a characteristic of a pulsed
mechanical sound generated from the driving device 14. The
maximum amplitude value and the pulse width of a pulse
component of the pulsed mechanical sound, a frequency
band of a reverberation component, the number of zero-
crossing times, and the like differ depending on the lens
devices. Thus, the determination coeflicient values are set in
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accordance with characteristics of the pulse component and
reverberation component unique to the pulsed mechanical
sound generated 1n each of the lens devices. In addition, the
determination coellicient selection unit 154 retains the deter-
mination coeflicients corresponding to the lens devices in
association with idenftification information of the lens
devices.

In addition, the determination coetlicient selection unit
154 acquires information indicating one lens device actually
connected to the digital camera 1 (connected lens informa-
tion) from the corresponding lens device, the control unit 70,
or the like. The connected lens information 1s 1dentification
information (for example, the model number, the title, and
the like of a lens device) that 1s distinctively given to each
kind of the lens devices. The determination coeflicient
selection unit 154 specifies a lens device connected to the
digital camera 1 based on the connected lens information,
and then selects one determination coeflicient corresponding
to the lens device from the plurality of determination coet-
ficients retained in the determination coeflicient retaining

unit 150.

Then, the noise determination unit 140 performs the noise
determination process using the determination coeflicient
selected by the determination coeflicient selection unit 154
and the feature amounts obtained by the feature amount
extraction unit 130, thereby determining the presence or
absence of a pulsed mechanical sound unique to the lens
device. In the noise determination process, for example, the
determination method using the statistical i1dentification
method, the determination method using table determina-
tion, or the like can be used 1n the same manner as in the first
embodiment.

In the configuration example 1illustrated 1n FIG. 12 as
described above, the determination coetlicient retaining unit
150 provided in the audio signal processing device 100
retains 1n advance the plurality of determination coeflicients
cach corresponding to the plurality of kinds of exchangeable
lens devices that can be installed in the digital camera 1. In
addition, during the actual noise determination process, a
determination coethicient corresponding to one lens device
that 1s actually 1nstalled 1n the digital camera 1 1s selected
from the plurality of determination coeflicients retained 1n
the determination coeflicient retaining unit 150 to be used in
the noise determination process.

6.3. Modified Example of the Audio Signal
Processing Device

Next, with reference to FIG. 13, a modified example of
the audio signal processing device 100 according to the sixth
embodiment will be described. FIG. 13 1s a block diagram
illustrating the modified example of the audio signal pro-
cessing device 100 according to the sixth embodiment.

In the example illustrated in FIG. 13, the audio signal
processing device 100 does not include the determination
coellicient retaining unit 150 and the determination coetli-
cient selection unit 154, unlike the example of FIG. 12
described above, and determination coeflicients necessary
for noise determination are retained in each of exchangeable
lens devices 156A to 156N rather than 1n the audio signal
processing device 100. The determination coellicients
retained 1n the exchangeable lens devices 156 A to 156N are
set 1n advance according to characteristics of the lens
devices 156A to 156N, a characteristic of the pulsed
mechanical sound, and the like in the same manner as
described above.
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In addition, when the lens device 156 A 1s connected to the
digital camera 1, the noise determination unit 140 of the
audio signal processing device 100 acquires, from the lens
device 156A, a determination coeflicient corresponding to
the lens device 156 A. For example, the control unit 70 of the
digital camera 1 acquires the determination coeflicient
together with identification information of the lens device
156 A, and the noise determination unit 140 receives the
determination coeflicient transmitted from the control unit
70. Furthermore, the noise determination unit 140 deter-
mines the presence or absence of the pulsed mechanical
sound unique to the lens device 156 A using the determina-
tion coeflicient acquired from the connected lens device
156 A and feature amounts obtained by the feature amount
extraction unit 130.

As described above, 1n the configuration example of FIG.
13, the determination coeflicients necessary for noise deter-
mination are retained in the respective lens devices 156. In
addition, during an actual noise determination process, a
determination coellicient 1s acquired from the lens device
156 A that 1s actually connected to the digital camera 1 to be
used 1n the noise determination process.

6.4. Effect

Heremnabove, the configuration of the audio signal pro-
cessing device 100 according to the sixth embodiment of the
present disclosure has been described. The procedure of the
audio signal processing method using the audio signal

processing device 100 1s the same as that of the first
embodiment (refer to FIG. 5).

According to the sixth embodiment, a determination
coellicient used 1n the noise determination changes accord-
ing to a characteristic of an exchangeable lens device
connected to the digital camera 1. Accordingly, since a
pulsed mechanical sound unique to the connected lens
device can be determined and detected with high accuracy,
noise reduction accuracy can sharply increase. Particularly,
in an apparatus such as a single-lens reflex camera in which
different kinds of lens devices can be installed, a pulsed
mechanical sound different from the lens devices 1s appro-
priately reduced, and thereby a high-quality background
sound can be recorded.

Furthermore, in the example illustrated 1n FIG. 12, as the
determination coeflicient retaining unit 150 of the audio
signal processing device 100 retains the determination coel-
ficients corresponding to the plurality of different lens
devices, the audio signal processing device can tlexibly
respond to pulsed mechanical sounds generated from all of
the lenses. In addition, by performing updating (addition,
deletion, or change) of the determination coetlicients
retained 1n the determination coeflicient retaining unit 150,
the audio signal processing device can also respond to a lens
device of a new type.

Furthermore, in the example 1llustrated 1n FIG. 13, appro-
priate determination coeflicients are set to be retained 1n lens
devices, and a determination coeflicient 1s acquired from a
lens device that 1s commnected to the digital camera 1.
Accordingly, a determination coetlicient can be changed for
cach lens device as 1n FIG. 12 even for a lens device 156 of
a new type, without re-writing determination coetlicients
retained 1n a memory unit (ROM, or the like) of the audio
signal processing device 100 that 1s mounted in the existing
digital camera 1. In this manner, the example of FIG. 13 1s
advantageous 1n that addition, deletion, change, or the like
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of the exchangeable lens devices 156 can be tlexibly per-
formed even without updating internal information of the
existing digital camera 1.

Although the example 1n which determination coeflicients
are changed when an exchangeable lens device 1s connected
to or disconnected from the digital camera 1 has been
described above, the present technology 1s not limited to the
example. A determination coeflicient may also be changed 1n
the same manner as described above when, for example,
there are a plurality of sound generation units (a plurality of
driving devices 14, or the like) that generate pulsed
mechanical sound having different characteristics in an
apparatus mounted with an audio signal processing device,
when the plurality of sound generation units are selectively
attached to or detached from the apparatus, and the like.

7. Seventh Embodiment

Next, an audio signal processing device and an audio
signal processing method according to a seventh embodi-
ment of the present disclosure will be described. In the
above, the example in which the audio signal processing
device 100 1s provided 1n a recording apparatus such as the
digital camera 1, or the like to reduce noises during record-
ing of audio signals has been described. On the other hand,
the seventh embodiment 1s characterized in that an audio
signal processing device 1s provided 1 a reproduction
apparatus and noises are reduced during reproduction of
recorded audio signals. Since other functional configurations
of the seventh embodiment are substantially the same as
those of the first embodiment, detailed description thereof
will be omitted.

7.1. Functional Configuration of an Audio Signal
Processing Device

Next, with reference to FIG. 14, a functional configura-
tion of the audio signal processing device 100 according to
the seventh embodiment will be described. FIG. 14 1s a
block diagram 1llustrating the functional configuration of the
audio signal processing device 100 according to the seventh
embodiment.

As 1llustrated 1n FIG. 14, the audio signal processing
device 100 1s applied to a reproduction apparatus that
includes a signal recording unit 190 and a signal reproduc-
tion unit 200, and 1s characterized 1n that various processes
such as feature amount extraction, noise determination,
noise reduction, and the like are executed on audio signals
that are read from the signal recording unit 190 and to be
reproduced. The audio signal processing device 100
includes the feature amount extraction unit 130, the noise
determination unit 140, the determination coeflicient retain-
ing unit 150, and the noise reduction unit 160 as in the first
embodiment. Furthermore, the audio signal processing
device 100 includes a signal acquisition umt 192 that
acquires audio signals to be reproduced from the signal
recording unit 190.

The signal recording unit 190 1s furnished with a record-
ing medium (not shown) such as a hard disk, an optical disc,
a semiconductor memory, or a tape. On the recording
medium, audio signal data 1s recorded during imaging and
sound-recording by the digital camera 1, or the like. It 1s not
necessary to retain control signals of the zoom motor 135, the
focus motor 16, and the like 1n association with audio
signals.

In addition, the signal recording unit 190 reads audio
signals to be reproduced from the recording medium based
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on instructions from a control unit not shown. The signal
acquisition unit 192 acquires audio signal data to be repro-
duced from the signal recording unit 190, and outputs the
data to the feature amount extraction unit 130 and the noise
reduction unit 160. At this moment, the signal acquisition
unit 192 acquires, for example, data of a section of about 512
samples or 1024 samples as one frame.

Then, 1n the same manner as in the first embodiment, a
feature amount computation process and a noise determina-
tion process are performed respectively by the feature
amount extraction unit 130 and the noise determination unit
140. At this moment, determination coefhicients used 1n
noise determination may be retained in the determination
coellicient retaining unit 150, or may be recorded 1n asso-
ciation with audio signals on the recording medium of the
signal recording unit 190.

As a result of the determination, when a pulsed mechani-
cal sound 1s determined to be included in an audio signal to
be reproduced, the noise reduction unit 160 reduces the
pulsed mechanical sound from the audio signal. The audio
signal of which the pulsed mechanical sound 1s reduced 1s
output to the signal reproduction unit 200. The signal
reproduction unit 200 1s configured by, for example, a sound
reproduction device such as a speaker, or a headphone, and
reproduces the audio signal of which the noise 1s reduced.

7.2. Effect

Heremabove, the configuration of the audio signal pro-
cessing device 100 according to the seventh embodiment of
the present disclosure has been described. The procedure of
an audio signal processing method using the audio signal
processing device 100 1s the same as 1n the first embodiment
(refer to FIG. 5). However, 1n order to reduce noises during
sound reproduction 1n the seventh embodiment, the A/D
conversion process (S10) of FIG. 5 1s unnecessary, the audio
signal 1s reproduced 1n S22, and the processes of S12 to S22
are repeated until reproduction of data of all audio signal to
be reproduced 1s completed (524).

According to the seventh embodiment, not only during
recording (imaging, sound-recording, or the like) of audio
signals, but also during reproduction of recorded audio
signals, a pulsed mechanical sound included 1n audio signals
to be reproduced can be appropriately reduced.

8. Conclusion

Heremabove, the audio signal processing devices and the
audio signal processing methods according to exemplary
embodiments of the present disclosure have been described.
According to the embodiments, even when a pulsed
mechanical sound 1s generated when an operation of the
driving device 14 starts or ends, the pulsed mechanical
sound and a section thereof (noise section) can be detected
from audio signals collected by the microphone 51 with high
accuracy. In addition, by performing the noise reduction
process 1n the detected noise section, a high-quality sound
can be provided with no concern of deterioration 1n sound
quality of a non-noise section.

In such a case, a pulsed mechanical sound can be detected
only using actually input audio signals, without using a
control signal of the driving device 14. Thus, the noise
reduction process can be realized by accurately targeting a
noise period in which a pulsed mechanical sound 1s actually
included and a noise reduction process period. Thus, the
problems of lowering of noise reduction accuracy and
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deterioration 1in sound quality caused by a delay between a
control signal and a noise section can be resolved.

Furthermore, by comprehensively determining the pres-
ence or absence of a pulsed mechanical sound based on a
combination of various feature amounts (the maximum
amplitude value A, the pulse width W, the reverberation
component power P, the number of zero-crossing times N,
and the like) unique to the pulsed mechanical sound, the
pulsed mechanical sound perceived by the human ear can be
accurately detected. Thus, an abnormal operation of per-
forming the reduction process in a non-noise section 1n
which no noise 1s perceived by the human ears, or not
performing the reduction process in a noise section 1 which
a noise 1s perceived can be resolved, and thereby a highly-
accurate noise reduction process can be realized.

In addition, since a pulsed mechanical sound can be
determined based only on an audio signal without using a
drive control signal (control signal) of the driving device 14,
a system configuration of an apparatus to which the audio
signal processing device 100 1s applied can be simplified. In
addition, not only during collecting and recording of audio
signals but also during reproduction of audio signals
recorded on the recording medium, determination of pres-
ence or absence and the reduction process of a noise can be
executed.

Hereinabove, the preferred embodiments of the present
invention have been described 1n detail above with reference
to the accompanying drawings, whilst the present invention
1s not limited to the above examples, of course. A person
skilled 1n the art may find various alternations and modifi-
cations within the scope of the appended claims, and 1t
should be understood that they will naturally come under the
technical scope of the present mnvention.

In the embodiments, for example, the digital camera 1 1s
mainly exemplified as an audio signal processing device,
and the example in which a mechanical sound 1s reduced
during capturing of a moving image and recording sounds
has been exemplified, however, the present technology 1s not
limited thereto. The audio signal processing device of the
present technology can be applied to various audio signal
recording devices or electronic apparatuses such as audio
signal reproduction devices. For example, the audio signal
processing device can be applied to an arbitrary electronic
apparatus such as a recording and reproduction device ({for
example, a Blu-ray disc and DVD recorder), a television
receiver set, a system stereo device, an 1imaging device (for
example, a digital camera, and a digital video camera), a
mobile terminal (for example, a mobile music and video
player, a mobile game device, and an IC recorder), a
personal computer, a game device, a car navigation system,
a digital photo frame, a home appliance, a vending machine,
an ATM, a kiosk terminal, and the like.

Additionally, the present technology may also be config-
ured as below.

(1)

An audio signal processing device including:

a feature amount extraction unit configured to extract,
from an audio signal obtained by a sound collection unit, a
feature amount that indicates a pulsed operation sound
generated from a sound generation unit provided 1n a same

housing as the sound collection unit; and

a noise determination unit configured to determine
whether or not the operation sound 1s included 1n the audio
signal based on the feature amount.
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(2)

The audio signal processing device according to (1),

wherein the sound generation unit 1s a driving device
provided 1n the same housing as the sound collection unit,
and

wherein the operation sound 1s a pulsed mechanical
driving sound generated when an operation of the driving
device starts or ends.
(3)

The audio signal processing device according to (1) or (2),

wherein the feature amount extraction unit extracts a first
feature amount that indicates a pulse component of the
operation sound and a second feature amount that indicates
a reverberation component of the operation sound as the
feature amount, and

wherein the noise determination unit determines whether
or not the operation sound i1s included 1n the audio signal

based on the first and second fteature amounts.

(4)

The audio signal processing device according to (3),

wherein the first feature amount includes a maximum
amplitude value and a pulse width of the pulse component
of the operation sound, and

wherein the second feature amount includes power of a
narrow-band signal that indicates the reverberation compo-
nent of the operation sound.
(3)

The audio signal processing device according to (3),

wherein the first feature amount includes a maximum
amplitude value and a pulse width of the pulse component
of the operation sound, and

wherein the second feature amount includes a number of
zero-crossing times of a narrow-band signal that indicates
the reverberation component of the operation sound.
(6)

The audio signal processing device according to any one
of (3) to (5),

wherein the feature amount extraction unit further
extracts, as the feature amount, a third feature amount
including some or all of an RMS of the audio signal, a value
of change of the RMS, a changed amplitude value of a
narrow-band signal that indicates the reverberation compo-
nent of the operation sound, a number of zero-crossing times
of the narrow-band signal, and a value of change of the
number of zero-crossing times, and

wherein the noise determination unit determines whether
or not the operation sound is included 1n the audio signal
based on the first, second, and third feature amounts.
(7)

The audio signal processing device according to any one
of (1) to (6)

wherein the feature amount extraction unit extracts a
plurality of feature amounts from a plurality of sections of
the audio signal, and

wherein the noise determination unit determines whether
or not the operation sound 1s included in the audio signal
based on the plurality of feature amounts extracted from the
plurality of sections.
(8)

The audio signal processing device according to (2),
turther including:

a control signal acquisition unit configured to acquire a
control signal for controlling the driving device,

wherein a driving period of the driving device 1s deter-
mined based on the control signal, and an extraction process
of the feature amount by the feature amount extraction unit
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and a determination process by the noise determination unit
are executed only 1n the driving period of the driving device.
9)

The audio signal processing device according to any one
of (1) to (8),

wherein the noise determination unit determines whether
or not the operation sound unique to the sound generation
unit 1s included 1n the audio signal using a determination
coellicient set according to a characteristic of the sound
generation unit and the feature amount.

(10)

The audio signal processing device according to (9)

wherein the audio signal processing device 1s provided 1n
an 1maging device,

wherein the sound generation unit 1s an exchangeable lens
device that can be attached to or detached from the main
body of the imaging device,

wherein the audio signal processing device further includ-
ng,

a determination coeflicient retaining unit configured to
retain a plurality of determination coetlicients set for each
lens device; and

a determination coeflicient selection unit configured to
select, based on information indicating the lens device
connected to the imaging device, a determination coetlicient
corresponding to the lens device from the plurality of
determination coeflicients,

wherein the noise determination unit determines whether
or not the operation sound unique to the lens device that 1s
connected to the imaging device 1s included in the audio
signal using the determination coeflicient selected by the
determination coeflicient selection unit and the feature
amount.

(11)

The audio signal processing device according to (9)

wherein the audio signal processing device 1s provided 1n
an 1maging device,

wherein the sound generation unit 1s an exchangeable lens
device that 1s able to be attached to or detached from the
main body of the imaging device,

wherein the lens device retains a determination coeflicient
set according to a characteristic of the lens device, and

wherein the noise determination unit acquires the deter-
mination coellicient from the lens device that 1s connected to
the mmaging device, and determines whether or not the
operation sound umque to the lens device that 1s connected
to the 1imaging device 1s included in the audio signal using,

the acquired determination coeflicient and the {feature
amount.
(12)

The audio signal processing device according to any one
of (1) to (9)

wherein the audio signal processing device 1s provided 1n
a reproduction device configured to reproduce the audio
signal,

wherein the feature amount extraction umt extracts the
feature amount from the audio signal during reproduction of
the audio signal, and

wherein the noise determination umit determines whether
or not the operation sound i1s included 1n the audio signal
based on the feature amount.
(13)

An 1maging device mcluding:

a sound collection unit configured to convert an external
sound 1nto an audio signal;
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a sound generation unit configured to be provided 1n a
same housing as the sound collection unit and to generate a

pulsed operation sound;

a feature amount extraction umt configured to extract a
feature amount that indicates the operation sound from the
audio signal output from the sound collection unit;

a noise determination unit configured to determine
whether or not the operation sound i1s included 1n the audio
signal based on the feature amount; and

a noise reduction unit configured to perform a noise
reduction process on the audio signal when the noise deter-
mination unit determines that the operation sound 1s
included 1n the audio signal.

(14)

An audio signal processing method 1ncluding:

extracting a feature amount that indicates a pulsed opera-
tion sound generated from a sound generation unit provided
in a same housing as a sound collection unit, from an audio
signal obtained by the sound collection unit; and

determining whether or not the operation sound 1s
included in the audio signal based on the feature amount.
(15)

A program for causing a computer to execute:

extracting a feature amount that indicates a pulsed opera-
tion sound generated from a sound generation unit provided
in a same housing as a sound collection unit, from an audio
signal obtained by the sound collection unit; and

determining whether or not the operation sound 1s
included in the audio signal based on the feature amount.
(16)

A non-transitory computer-readable recording medium
having a program recorded therein, the program causing a
computer 1o execute:

extracting a feature amount that indicates a pulsed opera-
tion sound generated from a sound generation unit provided
in a same housing as a sound collection unit, from an audio
signal obtained by the sound collection unit; and

determiming whether or not the operation sound 1s
included 1n the audio signal based on the feature amount.

REFERENCE SIGNS LIST
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14 driving device
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100 audio signal processing device
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120 A/D converter
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160 noise reduction unit

170, 190 signal recording unit
180 control signal acquisition unit
192 signal acquisition unit

200 si1gnal reproduction unit

The 1nvention claimed 1s:
1. An audio signal processing device comprising:
a feature amount extraction unit configured to extract,
from an audio signal obtained by a sound collection
umit, a feature amount that indicates a pulsed operation
sound generated from a sound generation unit provided
in a same housing as the sound collection unit,
wherein the feature amount extraction unit i1s further
configured to:
extract a first feature amount that indicates a pulse
component ol the pulsed operation sound and a
second feature amount that indicates a reverberation
component of the pulsed operation sound as the
feature amount, and

extract, as the feature amount, a third feature amount
including some or all of an RMS of the audio signal,
a value of change of the RMS, a changed amplitude
value of a narrow-band signal that indicates the
reverberation component of the pulsed operation
sound and a value of change of a number of zero-
crossing times of the narrow-band signal; and

a noise determination unit configured to determine
whether or not the pulsed operation sound 1s included
in the audio signal based on the first, second and third
feature amounts.

2. The audio signal processing device according to claim

1,

wherein the sound generation unit 1s a driving device
provided in the same housing as the sound collection
unit, and

wherein the pulsed operation sound 1s a pulsed mechani-
cal driving sound generated when an operation of the
driving device starts or ends.

3. The audio signal processing device according to claim

2, further comprising:

a control signal acquisition unit configured to acquire a
control signal for controlling the driving device,

wherein a driving period of the driving device 1s deter-
mined based on the control signal, and an extraction
process of the feature amount by the feature amount
extraction unit and a determination process by the noise
determination unit are executed only in the drniving
period of the driving device.

4. The audio signal processing device according to claim

2,

wherein the driving device 1s configured to operate one or
more ol: a zoom device, a diaphragm device, an
auto-focus device, a shutter device, and/or a button.

5. The audio signal processing device according to claim

1,

wherein the first feature amount includes a maximum
amplitude value and a pulse width of the pulse com-
ponent of the pulsed operation sound, and

wherein the second feature amount 1includes power of the
narrow-band signal that indicates the reverberation
component of the pulsed operation sound.

6. The audio signal processing device according to claim

1,

wherein the first feature amount includes a maximum
amplitude value and a pulse width of the pulse com-
ponent of the pulsed operation sound, and
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wherein the second feature amount includes a number of
zero-crossing times ol the narrow-band signal that
indicates the reverberation component of the pulsed
operation sound.

7. The audio signal processing device according to claim

1,

wherein the feature amount extraction unit 1s further
configured to extract, as the third feature amount the
number ol zero-crossing times of the narrow-band
signal that indicates the reverberation component of the
pulsed operation sound.

8. The audio signal processing device according to claim
1,
wherein the feature amount extraction unit 1s configured
to extract a plurality of feature amounts from a plurality
of sections of the audio signal, and
wherein the noise determination unit i1s configured to
determine whether or not the pulsed operation sound 1s
included 1n the audio signal based on the plurality of
feature amounts extracted from the plurality of sec-
tions.
9. The audio signal processing device according to claim
1,
wherein the noise determination unit 1s further configured
to determine whether or not the pulsed operation sound
unique to the sound generation unit i1s included 1 the
audio signal using a determination coeflicient set
according to a characteristic of the sound generation
unit and the feature amount.
10. The audio signal processing device according to claim
9,
wherein the audio signal processing device 1s provided 1n
an 1maging device,
wherein the sound generation unit 1s an exchangeable lens
device that can be attached to or detached from the
main body of the imaging device,
wherein the audio signal processing device further
includes:

a determination coeflicient retaining unit configured to
retain a plurality of determination coetlicients set for
each lens device; and

a determination coelflicient selection unit configured to
select, based on information indicating the lens
device connected to the imaging device, a determi-
nation coetlicient corresponding to the lens device
from the plurality of determination coeflicients,

wherein the noise determination unit 1s further configured
to determine whether or not the pulsed operation sound
unique to the lens device that 1s connected to the
imaging device 1s included 1n the audio signal using the
determination coeflicient selected by the determination
coellicient selection umt and the feature amount.

11. The audio signal processing device according to claim

9

wherein the audio signal processing device 1s provided 1n
an 1maging device,

wherein the sound generation unit 1s an exchangeable lens
device that 1s able to be attached to or detached from
the main body of the imaging device,

wherein the lens device retains a determination coeflicient
set according to a characteristic of the lens device, and

wherein the noise determination unit 1s further configured
to acquire the determination coetlicient from the lens
device that 1s connected to the imaging device, and
determine whether or not the pulsed operation sound
unique to the lens device that 1s connected to the
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imaging device 1s included 1n the audio signal using the
acquired determination coeflicient and the feature
amount.

12. The audio signal processing device according to claim

wherein the audio signal processing device 1s provided 1n
a reproduction device configured to reproduce the
audio signal,
wherein the feature amount extraction unit i1s further
configured to extract the feature amount from the audio
signal during reproduction of the audio signal, and
wherein the noise determination unit 1s further configured
to determine whether or not the pulsed operation sound
1s included 1n the audio signal based on the feature
amount.
13. An 1maging device comprising;
a sound collection unit configured to convert an external
sound 1nto an audio signal;
a sound generation unit configured to be provided 1n a
same housing as the sound collection unit and to
generate a pulsed operation sound;
a feature amount extraction unit configured to extract a
feature amount that indicates the pulsed operation
sound from the audio signal output from the sound
collection unit,
wherein the feature amount extraction unit i1s further
configured to:
extract a first feature amount that indicates a pulse
component of the pulsed operation sound and a
second feature amount that indicates a reverberation
component of the pulsed operation sound as the
feature amount, and

extract, as the feature amount, a third feature amount
including some or all of an RMS of the audio signal,
a value of change of the RMS, a changed amplitude
value of a narrow-band signal that indicates the
reverberation component of the pulsed operation
sound and a value of change of a number of zero-
crossing times of the narrow-band signal;

a noise determination unit configured to determine
whether or not the pulsed operation sound 1s included
in the audio signal based on the first, second and third
feature amounts; and

a noise reduction unit configured to perform a noise
reduction process on the audio signal when the noise
determination unit determines that the pulsed operation
sound 1s included in the audio signal.
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14. An audio signal processing method comprising:

extracting a feature amount that indicates a pulsed opera-
tion sound generated from a sound generation umit
provided 1n a same housing as a sound collection unit,
from an audio signal obtained by the sound collection
unit;

extracting a first feature amount that indicates a pulse
component of the pulsed operation sound and a second
feature amount that indicates a reverberation compo-
nent of the pulsed operation sound as the {feature
amount;

extracting, as the feature amount, a third feature amount
including some or all of an RMS of the audio signal, a
value of change of the RMS, a changed amplitude value
ol a narrow-band signal that indicates the reverberation
component of the pulsed operation sound and a value of
change of a number of zero-crossing times of the
narrow-band signal; and

determiming whether or not the pulsed operation sound 1s
included 1n the audio signal based on the first, second
and third feature amounts.

15. A non-transitory computer-readable recording

medium having instructions recorded therein, which when
executed by a computer causes the computer to execute:

extracting a feature amount that indicates a pulsed opera-
tion sound generated from a sound generation umit
provided 1n a same housing as a sound collection unit,
from an audio signal obtained by the sound collection
unit;

extracting a first feature amount that indicates a pulse
component of the pulsed operation sound and a second
feature amount that indicates a reverberation compo-
nent of the pulsed operation sound as the {feature
amount;

extracting, as the feature amount, a third feature amount
including some or all of an RMS of the audio signal, a
value of change of the RMS, a changed amplitude value
of a narrow-band signal that indicates the reverberation
component of the pulsed operation sound and a value of
change of a number of zero-crossing times of the
narrow-band signal; and

determiming whether or not the pulsed operation sound 1s
included 1n the audio signal based on the first, second
and third feature amounts.
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